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INTRODUCTION 


Tho  northern  and  northeastern  areas  of  the  USSR  oooupy  a  large  part  of 
the  country’s  territory  and  diffor  sharply  from  its  central  belt  by  a  number 
of  factors  whioh  affect  substantially  tho  living  conditions  of  the  population, 
oonstruotion  methods,  layouts,  volume,  design  of  buildings  and  struotures, 
and  also  tho  speoial  methods  and  requirements  which  are  essential  for  perfor¬ 
ming  the  oonstruotion  work. 

Included  among  the  natural  features  of  these  areas  arej  severe  climate, 
grounds  in  permafrost  state,  winter  winds  of  high  velooity,  snowdrifts,  long 
winter  season,  polar  day  and  polar  night,  and  the  inadequate  development  of 
the  territory.  The  most  typioal  feature  in  almost  all  of  these  areas  is  the 
presence  of  grounds  in  permafrost  state, 

A  study  of  these  features  and  their  distribution  over  the  territory 
made  it  possible  to  define  the  boundaries  between  tho  areas  of  the  Extreme 
North  and  those  of  the  Ndrtheast  (Fig*  l).  The  study  wa~  made  by  the  Lenin¬ 
grad  affiliate  of  the  Academy  of  Construction  and  Architecture  USSR  working 
on  the  project  for  "Rules  and  Standards  for  Layouts  and  Buildings  in  the 
Populated  Places  Located  in  the  Areas  of  the  Extreme  North  and  Northeast,  USSR" 

The  conditions  listed  above,  whioh  make  the  planning  and  oonstruotion 
difficult,  are  far  from  being  common  over  the  huge  territories  of  the  Extreme 
North  and  Northeast.  An  example  is  the  nature  of  the  permafrost  grounds. 

Their  structure  and  thermo-physical  and  meohanical  properties  are  different 
in  different  areas  and  also  within  the  boundaries  of  the  some  oonstruotion 
sites.  For  example,  the  grounds  in  the  area  of  Magadan  and  of  the  middle  part 
of  Kolyma  consist  mostly  of  gravel  with  insignificant  inclusions  of  ioej  this 
makes  it  possible  to  use  conventional  designs  for  buildings  and  structures. 

But  the  grounds  encountered  in  the  areas  of  the  lower  Ob’,  Yenisey,  Lena, 
Taymir. Peninsula,  Chukotka,  eto,  consist  mostly  of  fine-grained  soils  in  perma¬ 
frost  state  ccntaining  exoessive  moisture  and  large  inclusions  of  buried  ice. 

In  the  area  of  Yakutsk  and  Verkhoyansk,  the  temperatures  during  the 
winter  drop  to  -60°,  but  the  summer  is  comparatively  long  and  warm.  The  dif¬ 
ference  between  the  highest  and  lowest  temperatures  during  the  year  reaohes 
100  dogreo3;  the  winds  are  not  strong  and  the  layers  of  snow  are  rather  small. 
But  in  the  areas  of  Noril'sk,  Dudinka,  and  at  the  coast  of  the  Arctic  Seas, 
whilo  temperatures  rarely  reaoh  the  -60°  or  -56°  level,  snowstorms  are  the 
usual  phenoraenom  there.  The  winds  blow  with  a  velooity  of  more  than  40  meters 
per  second.  The  snow  piles  make  the  construction  and  the  use  of  struotures 
so  diffioult,  that  the  struggle  against  them  1b  one  of  the  prinoipal  tasks. 

In  the  zone  of  tero-range  of  temperatures,  the  thickness  of  the  permafrost 
grounds  in  different  areas  and  in  different  plaoes  of  the  same  area  has  tem¬ 
peratures  varying  from  0°  to  -12°, 
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Mg.  1.  The  territory  covered  by  the  rules  and  standards  for 
layouts  and  buildings  in  the  populated  places  of  the  Extreme 
North  and  Northeast  of  the  USSR 

1)  symbols*  |j||  the  territory  covered  by  the  rules  and  standards} 

_  boundaries  of  permafrost  grounds; 

. ...  boundaries  of  vegetation  tones; 

.  boundaries  of  olimatio  cones. 
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Those  examples  of  the  variety  of  the  frozen-ground  end  olimatio  condi¬ 
tions  demonstrate  tho  impu3sibilty  of  using  identioal  solutions  for  the  design 
of  buildings  and  structures  and  of  u3ing  the  same  methods  of  organizing  the 
construction.  For  the  Extromo  North,  it  is  difficult  to  prepare  typioal  pro¬ 
jects,  standards,  and  norms  whioh  do  not  require  the  solution  of  many  complex 
problems  for  thoir  application,  Dvidontly  it  is  expedient  to  divide  the 
rogion3  of  tho  Extreme  Nbrth  and  of  the  Northeast  of  the  USSR  into  zones 
covering  tho  territories  with  nearly  the  same  frozen-ground  and  olimatio  con¬ 
ditions,  This  makes  it  possible  to  recommend  for  suoh  zones  the  technical 
solutions  whioh  will  assure  reliable  exploitation  and  economical  design  and 
construction  for  the  structures, 

Ilowever,  the  loir  temperatures  lasting  for  6-8  months,  the  permanent 
frozen  state  and,  in  many  oases,  tho  nooessity  of  preserving  the  permafrost 
stato  makos  it  possible  (frith  oertain  oorrootives)  to  use  the  teohnioal 
solutions  tested  in  tho  construction  and  exploitation  of  buildings  in  Noril’sk, 
Yakutsk,  and  in  o+.her  regions, 

With  this  in  mind,  the  author  desoribes  the  experience  in  designing 
and  constructing  tho  buildings  of  the  Noril’sk  Mining  and  Metallurgical  Com¬ 
bine  in  the  largest  industrial  center  and  the  largest  oity  of  the  Extreme 
North  of  the  USSR  —  the  oity  of  Noril’sk,  where  the  designers  and  builders 
during  the  20-year  period  of  activity  have  found  and  are  now  finding  technical 
solutions  enabling  them  to  build  efficiently  and  comparatively  economically 
buildings  and  structures  on  permanently  frozen  grounds.  Of  more  Importance 
is  the  faot  that  the  durabilty  of  a  predominant  majority  of  the  buildings  in 
the  areas  of  Noril’sk  and  Dudinka  confirmed  the  correctness  of  the  adopted 
technical  solutions  after  the  many  years  of  their  exploitation. 

Exoept  the  TETs  ( Thermoelectric  oentral  station),  where  tho  designers 
handled  the  development  of  only  oertain  parts  of  the  project,  all  structures 
in  Noril’sk  and  Dudinka  were  designed  right  there.  During  the  entire  time 
spent  in  designing  and  construction  of  the  enterprises  of  the  oombine  and  of 
the  city,  no  instructions  for  use  of  norms  and  no  technical  literature  was 
published  that  could  clarify  the  problems  connected  with  design  and  construc¬ 
tion  at  the  Extreme  North,  exoept  tho  instructions  for  desipi  of  ground  beds 
and  foundations  (NiTU  118-64  [Standards  and  specifications).  These  instructions, 
however,  contain  many  reoammendations  which  aro  unacceptable  for  the  physioo- 
geographical  and  frozen-ground  conditions  of  Noril’sk,  which  was  one  of  the 
reasons  for  thoir  revision  at  the  present  time.  The  designers  and  builders  of 
Noril’sk  roaohed  the  solutions  presently  used  for  structures  and  the  methods  of 
their  construction  after  m any  years  of  search  by  analysing  thoroughly  the 
causes  responsible  for  any  deformation  and  defeot  in  exploitation  of  the  stric¬ 
tures. 

Due  to  liis  desire  to  warn  designers  and  builders  of  repeating  the  errors, 
tho  author  desoribes  a  large  number  of  deformations  and  collapses  which  have 
taken  place  during  the  entire  period  of  construction  in  Noril’sk  and  Dudinka# 

In  summing  up  the  20  years  of  experience  in  design  and  oonstruotion  in 
Noril’sk,  the  author  is  including  the  teohnioal  solutions  and  oertain  oonstruo¬ 
tion  problems  oonneoted  with  the  use  of  widely  known  building  materials  (brioks, 
oonorote,  metal,  eto,),  Looal  production  of  building  materials,  however,  is 
extremely  expensive  in  the  regions  of  the  Extreme  North  and  in  many  areas  in 
whioh  thojw  are  no  rocky  beds,  sand,  or  olay,  it  is  oonneoted  with  extremely 
complex  and  expensive  delivery  from  the  nearest  briok-uanufaoturung  plants  and 
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from  places  containing  deposits  of  ra w  materials.  Extremely  difficult  and  rery 
expensive  is  also  tho  delivery  to  construction  sites  of  other  materials  (oement, 
gypsum,  lime,  etc.)  which  are  needed  in  large  quantities. 

Tho  need  of  now  materials  possessing  high  strongth  and  frost-  and  heat- 
ro3isting  properties  becomes  apparent,  especially  in  the  areas  of  the  Extreme 
Uorth.  Based  on  this  type  of  materials,  there  should  bo  oroated  new  types  of 
structures,  buildings,  and  construction  methods  that  would  make  it  possible  to 
perform  the  work  at  low  temperatures  with  a  minimum  waste  of  labor. 

The  effectiveness  of  new  matoi  'aln,  particular!  •  r-  oontruction  in 
tho  areas  of  the  Extreme  North,  is  illu.  1 ' 'd  W  t  o  Liu  ngj  in  1961,  the 
roofs  of  Noril'sk  industrial  buildings  wore  iu.  i  r>r  Hi"  rat  time  with 
shoots  of  ABAT  (aluminum  alloy,  fV  =  0,8  nn)  made  in  aocordiuiuo  ith  the  AMTU 
252-57  specifications.  Under  ordinary  conditions,  the  use  of  si  h  materials, 
compared  with  roofs  covered  by  reinforood  oonorote  plates  and  rool  ing  paper, 
reduces  the  oost  by  5  rubles  22  kopeks  per  oovered  sq,  meter,  or  1,630  rubles 
per  each  ton  of  employed  oorrugated  aluminum  alloy  shoets  [See  Note],  In  the 
olty  of  Noril'sk,  the  use  of  oorrugated  aluminum  alloy  sheets,  oompared  to 
roofs  oovered  with  precast  reinforced  conorete  plates  and  roofing  materials, 
reduces  -the  cost  tjy  7  irubles  60  bopek3  per  sq,  meter  or  2,350  rubles  per  eaoh 
ton  of  corrugated  alluminum  alloy  sheets. 

([Note]j  The  prices  here  and  below  are  those  of  1961.  The  information 
is  taken  from  the  handbooks  Types  of  structures  for  protecting  roofs  and  walls 
of  unheated  industrial  buildings  made  of  oorrugated  aluminum  alloy  sheets, 
published  by  Gipromes  in  1959. 

The  supporting  structures  were  designed  as  required  by  the  existing 
specifications.  However,  the  specific  operating  conditions  required  for  the 
structures  (due  to  the  presence  of  permafrost  ground  beds,  low  air  temperatures, 
and  long  winter  season)  require  essential  correctives  in  the  specifications 
for  the  design  and  performance  of  work  on  oonorete,  reinforced  concrete,  stone 
and  reinforoed  stone,  and  metal  structures.  The  ooditions  of  the  Extreme  North 
wore  not  adequately  taken  into  account;  this  caused  deformations  and  oollapse 
of  structural  components,  and  even  of  buildings,  the  design  of  which  was 
based  on  the  existing  specifications  (see  below). 

In  addition  to  the  description  of  experience  in  designing  buildings  in 
Noril'sk,  the  book  oontains  examples  of  favorable  and  unfavorable  teohnioal 
solutions  employed  in  designing  major  buildings  and  structures  in  Dudinka, 
Yakutsk,  Vorkuta,  and  other  towns  of  the  Extreme  North. 
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Chapter  I 

GENERAL  PLAN  AND  LAYOUT  OF  BUILDINGS 

pp  8-32 

1*  Effeot  of  fro  sen- soil  oharaotoristio  on  the 
general  plan  for  industrial  enterprises 

The  construction  territory  of  the  Noril'sk  Combine  is  loo&ted  in  the 
tone  of  oo-oalled  mergings  permafrost  grounds  whose  beds,  however,  have  dif¬ 
ferent  frozen-soil  characteristics,  suoh  as: 

a)  outcroppings  of  rooks  in  form  of  separate  tiny  islands  scattered 
over  the  territory  of  the  Noril»sk  area; 

b)  tiny  islands  of  thawing  soil  looated  mostly  in  plaoes  adjaoent  to 
streams,  rivers,  and  lakesj 

o)  large-skeleton  sand  and  gravel  grounds  in  loose  and  frozen  state 
which  are  insignificantly  saturated  with  ice  and  yield  small  sediments  upon 
thawing; 

d)  ice-saturated  sludgy  soils  oontaining  sheets  and  films  of  ioe;  when 

thavrad,  the  soil  is  deprived  of  its  supporting  capacity  or  forms  a  thin  mass, 

% 

Any  building  oon  be  looated  on  any  of  the  listed  beds,  oven  when  the 
thermal  and  moisture  conditions  are  most  unfavorable  for  their  use.  However, 
on  certain  of  these  bods,  it  may  increase  significantly  the  construction  cost 
and  impose  certain  conditions  that  restrict  the  use  of  the  building.  But  an 
efficient  technical  and  economical  solution  can  be  obtained  from  tho  exaot 
knov.lodgo  and  efficient  use  of  tho  engineering  and  geological  features  of  the 
building  sitos  in  accordance  with  the  teohnologioal  requirements  for  the 
location  of  tho  enterprises,  engineering,  and  transporting  communications, 

A  oomplete  solution  of  a  general  plan  for  the  areas  of  the  Extreme  North 
is  possible  only  when  the  work  in  preparing  for  the  projected  assignment  is 
pr.coodod  by  a  detailed  engineering  and  geological  survey  of  the  area.  It  is 
nocossary  to  know  the  contours  of  tho  rock  outoroppingd  with  the  isolines  of 
tho  surfaoo  of  tho  deposited  beds  of  rooks,  detailed  contours  of  the  thawed 
bods  and  of  the  loo  bo  frozen  soils,  tho  distribution  of  ioo  films,  etc.  At  the 
sections  formed  by  ioe- saturated  grounds  v/hioh  yield  large  sediments  or  lose 
tho  supporting  capacity  upon  thawing,  it  is  neoessary  to  determine  by  measure¬ 
ments  the  temperature  in  the  bulk  of  the  permafrost  grounds,  because  it  is  of 
decisive  importance  when  designing  foundations  for  buildings  and  structures. 

It  should  bo  noted  that  under  ordinary  olimatio  conditions,  suoh  a  detailed 
engineering— geologioal  survey  of  the  area  is  required  (without  investigating 
the  temperature  of  the  beds)  only  during  the  designing  stage,  and  only  for 
the  structures  looated  on  the  general  plan. 
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In  projooting  general  plans,  and  communications  in  particular,,  it  is  • 
nocossary  to  take  into  acoount  the  possibility  of  abrupt  ohanges  in  the  topo¬ 
graphy  of  the  locations,  which  is  typioal  in  the  regions  of  the  Extreme  North. 
Now  streams  and  ravines  are  formed  within  a  very  short  time.  This  is  due  to 
a  largod  depth  of  seasonal  thawing:  from  0*3  -  0.5  meters  when  oovered  with 
moss  to  2.5  -  3  meters  for  bare  soils.  The  presenoe  of  large  inclusions  of 
ioo  in  the  increased  thickness  of  seasonal  thawing  serves  to  form  surface 
cavities  which  oolleot  rainwator.  Tho  sifted  seotions  contribute  to  the  for¬ 
mation  of  streams  whioh,  by  rapidly  eroding  the  ice-saturated  fine-grained 
rocks,  form  ravines  in  the  courso  of  2-3  years.  Suoh  phenomena  are  particu¬ 
larly  typical  in  the  settlement  of  geologists  located  at  the  slope  of  the 
Imongdin  mountains,  where  ravines  several  meters  deep  have  been  formed  in 
sections  passed  by  tractors.  Abrupt  formation  of  new  streams  and  ravines 
havo  been  obserred  in  other  places. 

The  ohange  in  topography  of  the  surface,  especially  over  the  communi¬ 
cation  construction  route,  made  it  neoessary  to  introduce  substantial  correc¬ 
tions  in  the  designs  and  estimates  prepared  in  aooordanoe  with  the  earlier 
obtained  topographical  data. 

The  v/ell- timed  detailed  prospecting  and  exploration  of  the  region  of 
the  Horil’sk  ore  and  coal  deposits  made  it  possible  to  locate  metallurgical 
plants  and  shops  on  rooky  grounds  and  to  create  an  effioient  transportation 
syGtom  for  moving  the  ore  for  further  processing. 

The  surfaoes  of  the  rocky  outcroppings  located  mostly  at  the  slopes  of 
mountains  and  elevations  are  greatly  inolined.  The  limited  number  and  sizes 
of  the  rooky  sites  made  it  necessary  to  make  use  of  the  mountain  slopes  and 
to  use  widely  the  cascade  manner  of  locating  the  buildings.  The  concentration 
plant,  for  example,  is  located  on  a  mountain  slope;  the  distanoe  between  the 
building  for  ooarse-cru3hing  located  on  the  upper  part  of  the  slope  and  the 
main  building  at  its  lower  part  is  ~  120  meters.  All  shops  of  the  ore- 
concentrating  plant  are  cormeoted  by  oovered  transporting  platforms  with  the 
freight  moving  from  top  downwards.  Tho  main  building  of  the  ore-oonoentrating 
plant  is  so  located  on  the  slope,  that  tho  oonoentrate  in  form  of  pulp  moves 
by  gravity  in  pipes  to  the  plants  for  further  processing.  Here,  the  distanoe 
oovered  by  the  oonoentrate  to  tho  copper-smelting  plant  is  '•bout  7  kilometers. 
This  faot  made  it  neoessary  to  locate  the  ore-oonoentrating  shops  of  the  plant 
on  the  sites  of  metallurgical  plants. 

A  slope  of  a  mountain  ms  used  also  for  looating  a  sintering  plant 
(Fig.  2).  Both  the  oonoentrate  from  the  concentrating  shops  and  the  agglo¬ 
merate  are  carried  to  the  smelting  fumaoes  by  a  oomreyer  in  oovered  plat¬ 
forms.  The  cascade  location  of  the  shops  made  it  possible  to  reduoe  their 
construction  costs  significantly  without  affecting  the  teohnologioal 
requirements. 

The  desire  of  having  the  mechanical-repair  base  of  the  oombine  near  the 
principal  oonsumers  and  communications  made  it  neoessary  to  reject  the  rooky 
ground  for  building  the  base  and  to  looate  the  latter  on  permanently-frozen 
grounds. 

A  complete  solution  of  a  general  plan  for  enterprises  looated  in  the 
regions  of  the  Extreme  North  requires,  in  partioular,a  teohnioal  and  eoonomio 
basis  whioh  oah, bring  about  the  full  development  of  the  enterprise.  This  is 
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duo  to  Lho  fact  that  the  sites  with  bases  making  it  possible  to  ereot  buil¬ 
dings  at  a  minimum  of  cost  (rooky  outcroppings,  thawed  grounds,  loosely- 
frozen  grounds)  are,  as  a  rule,  located  in  form  of  separate  tiny  islands  of 
limited  dimensions.  In  subh  a  case,  an  unprovon  reservation  of  sitos  for  a 
possiblo  later  expansion  of  the  buildings  may  inorease  sharply  the  construc¬ 
tion  oosts  of  other  urgently-needod  objeots  due  to  the  necessity  of  locating 
theso  objoots  on  separate  larger,  but  frequently  more  remote,  seotions  which 
is  connooted  with  increased  communication  distances  and  ii±t&  handling  of 
largor  sites*  Howovor,  if  the  planning  does  not  provide  for  a  possible  further 
expansion  of  the  buildings,  it  may  make  it  impossible  to  increase  the  oapaoity 
of  the  operating  enterprises  and  necessitate  the  oonstruotion  of  similar 
shops  on  other,  frequently  more  remote,  sites.  The  building  of  enterprises 
not  taken  into  aooount  by  the  original  general  plan  will  inavoidably  result 
in  disrupting  the  transportation  system  of  the  industrial  region* 


Fig,  2 •  A  large  sintering  plant. 

Method  of  locating  tho  buildings. 

(1)  dirootion  of  the  rooks. 

In  projooting  a  general  plan  for  Noril'sk  enterprises  considerable  atten¬ 
tion  viaa  paid  to  the  transportation  system  and  effioient  solutions  have  been 
found  which  took  into  consideration  the  technological,  engineering,  and 
geological  conditions.  Howovor,  the  subsequent  introduction  into  the  compo¬ 
sition  of  the  combine  of  enterprises  not  inoluded  in  the  original  plan  (a 
plant  for  reinforced  concrete  products  and  commercial  oonorete,  a  shop  for 
mineral  fibers,  oonorete  oastings,  warehouse  structures,  eto.)  disrupted 
the  transportation  system  and  oreated  a  oounter-movament  of  freight. 

In  designing  the  genoral  outlay  of  the  IToril’sk  TETs  (Thermooleotrio 
Control  Station)  by  taking  into  account  tho  ultiinate  oapaoity  determined  by 
the  I  and  II  oonstruotion  priorities,  on  exposed  rooky  site  has  been  selected 
for  the  best  location  of  the  buildings  (further  development  of  the  povrer  base 
ms  planned  by  building  a  second  TETs  in  another  plaoe).  This  made  it  pos¬ 
siblo  to  ereot  the  main  building  on  foundations  laid  low  in  depth  by  cutting 
off  a  little  the  rook  in  oertain  seotions  where  the  rook  protruded  above  the 
level  mark.  The  need,  whioh  appeared  later,  of  expanding  the  existing  TETs 
by  adding  the  objeots  with  III  and  17  priorities  had  for  its  result  that  the 
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buildings  of  priority  IV  required  foundations  of  25  meters  in  depth.  It  made 
the  construction  more  difficult  and  inoreased  the  oost  considerably.  Yet,  in 
front  of  the  permanent  main  building  where  the  auxiliary  quarters  are  located, 
there  is  an  unused  leveled  site  with  a  rook  protruding  above  the  surfaoe. 

This  proves  that  the  oost  of  construction  could  be  signifioantly  reduoed  by 
taking  tlds  fact  into  aooount  at  the  time  of  planning  for  the  ultimate 
capacity  of  the  TETs. 


2,  Effeot  of  climatio  conditions  in  preparing 
the  general  plan  for  industrial  enterprises 

The  polar  night  and  the  low  position  of  the  sun  during  the  polar  day, 
when  the  unsotting  sun  illuminates  a], so  tho  fronts  of  the  buildings  oriented 
towards  tho  north,  in  many  cases  make  it  advisable  to  abandon  the  customary 
orientation  of  tho  buildings  in  tho  direction  of  the  light  in  favor  of  other 
factors.  Strong  wind3  during  tho  winter  season  and  the  low  temperatures 
make  it  inadvisable  to  construct  building  entranoos  at  tho  windy  side.  The 
buildings  should  be  so  looatod  that  a  oalm  zone  should  be  oreatod  on  the 
territory  of  tho  yards  and  of  the  open  operating  sites. 

Of  special  importance  in  tho  general  plan  for  industrial  enterprises 
and  transportation  facilities  is  to  assure  them  with  a  minimum  of  piling  of. 
snow.  Buildings  contribute  to  the  formation  of  snow  piles  whioh  may  poralize 
tho  transportation  on  the  roads  near  the  buildings  and  may  oauso  difficulties 
and  idlenoss  in  the  work  of  the  enterprise.  The  removal  of  snow  from  indus¬ 
trial  enterprises  is  time-and- labor  consuming  and  expensive.  In  lloril'sk, 
the  annual  oost  of  snow  removal  reaohed  tho  sum  of  4,300.000  rubles  and  the 
loss  from  the  idlenoss  of  the  enterprises  caused  by  snow  flurries  amounted  to 
3-4,000.000  rubles  per  year.  During  the  last  few  years,  howevor,  these  oosts 
have  been  considerably  reduced  by  several  measures  taken  for  holding  baok  the 
snow,  by  mechanizing  the  snow- removal  work,  etc.  A  oorreot  solution  of  the 
problems  conneotod  with  prevention  of  the  territory  from  piling  of  snow  is 
tho  main  task  when  preparing  the  general  plan  and  may  help  in  many  respoots 
tho  operation  of  the  enterprise.  Ifcwever,  it  is  entirely  impossible  to  avoid 
tho  formation  of  snow  piles. 

Tho  operation  of  tho  intraplant  transport  during  the  winter  season  is 
connected  with  great  difficulties,  Tho  railroad  tracks  and  the  roads  for 
trucks  passing  along  built-up  areas  are  subjected  to  steady  piling  of  snow. 

Tho  nochanizifcbiloivof  snow  removal  is  frequently  oonnoctod  with  difficulties. 
Particularly  subjected  to  piling  of  enow  are  tho  roads  and  the  railroad  tracks 
passing  along  the  windy  side  of  tho  buildings.  The  design  of  the  shop  for 
olectrolysi3  of  nickel  provided  for  building  railroad  traoks  and  an  entrance 
at  tho  northern  (windy)  side  of  the  building.  Already  during  the  first  year 
of  operations  piles  of  snow  exoeoding  the  height  of  tho  railroad  rolling  stock 
were  responsible  for  the  stoppages  in  tho  work  of  the  nickel  plant.  Tons  of 
persons  using  the  transportation  facilities  struggled  daily  against  the  snow 
drifts,  but  even  this  did  not  assure  a  normal  operation.  Only  the  oonstruotlon 
of  a  tambour  (onolosure)  adjoining  the  entire  length  of  the  buildirg  made  it 
possible  to  operate  the  railroad  transportation  without  interruptions  (Fig,  3), 
The  supporting  structures  of  the  tumbour  roof  were  designed  to  take  oaro  of 
possible  preoipitations  of  snow  in  order  to  eliminate  the  need  of  oonstant 
removal  of  snow  from  the  roof. 
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Fig.  3.  Nickel-eleotrolyt.l  o  plant.  Railroad  entrance  . 

key:  l)  nuin  building;  2)  heat-retaining  ourtain; 

3)  annexed  tambour. 

a)  front  view;  b)  view  along  1-1  (prior  to  annexing  the 
tambour);  o)  view  along  2-k  (after  annexing  tho  tambour). 
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Tho  experience  of  many  years  in  operating  the  industrial  enterprises, 
tho  timo  and  labor  spent  in  removal  of  snow,  and  its  large  annual  costs  made 
it  necessary  to  dovise  •'  plan  for  protecting  the  industrial  enterprises  and 
tho  city  of  Noril'sk  against  snov;  drifts.  The  preliminary  work  included  the 
necessary  explorations  to  determine  tho  main  directions  of  snow  drifts  at 
difforont  areas,  the  piling  plaoes  of  tho  scow,  eto,  Methods  of  holding  book 
and  stops  for  removal  of  snow  have  been  developed  for  individual  enterprises. 
The  measures  specified. by  tho  plan  for  protection  against  snow,  although 
token  by  a  few  enterprises,  proved  to  bo  so  effeotive  that  the  general  plan 
developed  later  also  inoluded  a  plan  for  pro  tooting  the  territory  against 
snow  and  the  oost  of  its  fulfillment  was  inoleded  in  the  estimated  oost  of 
the  enterprise. 


3,  Planning  for  populated  plaoes 

The  principle  governing  tho  looation  of  individual  buildings  on  sites 
having  the  best  engineering-geologioal  subsoil  features  and  the  resulting 
separation  of  individual  enterprises  removed  from  eaoh  other  by  several  kilo¬ 
meters,  while  used  in  planning  for  industrial  objeots,  is  entirely  unaccep¬ 
table  in  planning  for  populated  places. 

In  selecting  the  territory  for  building  a  oity,  the  suitability  of  the 
territory  must  be  judged  not  by  the  presence  of  individual  seotions  possessing 
reliable  types  of  subsoil  (for  example,  rooky,  loosely-frozen,  and  other 
grounds)  suitable  for  erection  of  major  buildings,  but  the  entire  territory 
must  bo  evaluated.  It  is  necessary  to  take  into  consideration  that  the  dura¬ 
bility  of  the  buildings  and  of  the  communications  oan  be  assured  when  built  on 
permanently-frozen  grounds  existing  in  solid  state  with  individual  inolusions 
of  burried  ioe,  provided  that  tho  conditions  assuring  tho  retention  of  the 
frozen  state  in  the  subsoil  can  be  maintained  during  the  construction  and 
operation  of  the  buildings  and  oomnuni cations. 

This  not  withstanding,  in  developing  a  plan  for  populated  places  it  is 
best  to  us©  as  much  as  possible  intixidual  outcroppings  of  rooks  for  the  con¬ 
struction  of  monumental  buildings.  For  example,  in  developing  the  plan  for 
the  oity  of  Noril'sk,  certain  areas  -with  outcroppings  of  rooks  have  boen  spe¬ 
cified  for  the  construction  of  7-story  buildings  of  Mining-Metallurgical  Teoh- 
nikum,  of  the  technical  library,  of  the  Party  HKuse  of  Education,  eto.  At  the 
some  time,  many  multy-story  residential  buildings  were  erected  in  a  section 
filled,  with  soil  containing  dust  and  silt  in  solid  state  and  having  sheets  of 
ioe  and  separated  ioe  "films When  thawed,  these  soils  become  a  diluted  mass 
and  lose  entirely  their  exporting  capacity.  The  territory  adjaoent  to  the 
southwestern  part  of  the  oity  and  containing  comparatively  low  deposits  of 
rook  was  made  into  a  park  due  to  tho  large  amount  of  work  required  for  a  ver¬ 
tical  outlay;  only  at  the  apex  of  the  hill  was  built  a  building  for  a 
swimming  pool. 

In  selecting  the  outlay  for  cities  and  copulated  plaoes  it  i3  necessary 
to  take  into  account  the  faotors  which  affeot  unfavorably  the  physical,  and 
evon  the  moral,  state  of  the  population  of  the  regions  of  the  Extreme  North, 

It  is  the  frequently  ooourring  snow  storms  and  severe  frosts.  A  snow  storm 
will  rapidly  form  large  piles  of  snow.  During  the  first  years  of  building  the 
oity  of  Noril'sk,  two-story  buildings  wore  covered  with  snow  reaching  the 
level  of  the  roof.  The  snow  oould  not  be  removed  in  time.  The  buildings 
were  entered  by  walking  through  tunnels  made  of  snow.  Pedestrians  walking 
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during  a  snowstorm  spent  great  efforts  in  overooming  the  force  of  the  wind. 
Moving  from  place  to  place  lias  for  its  results  pronounoed  fatigue,  frequent 
colds,  frostbites  and,  occasionally,  serious  injuries. 

Even  whon  winds  are  absent,  severe  frosts  are  frequently  the  cause  of 
frostbites.  The  cold  is  particularly  felt  when  the  wind  is  strong.  In  the 
construction  practioe  of  Noril'sk  a  term  known  as  "the  weather  severity"  is 
usod  for  regulating  the  work  in  open  air.  The  vreather  severity  is  defined 
as  tho  sun  of  the  negative  temperature  of  the  air  and  double  the  velooity 
of  tho  wind  measured  in  meters  per  seoond.  No  construction  work  is  performed 
in  open  air  when  the  weather  severity  exceeds  45,  which  corresponds  to  an 
air  temperature  of  -25°  and  a  wind  velocity  of  10  meters  per  eooond.  Hbwever, 
■tho  woathor  severity  index  frequently  roaches  the  80  and  even  the  100  level; 
under  suoh  conditions  pedestrians  must  move  even  when  aooompanied  with  chil¬ 
dren  of  pro-sohool  age.  Sudden  changes  in  weather  during  the  winter  are 
especially  unhealthy  for  old  people  or  for  persons  with  heart  conditions. 

During  tho  day  the  temperature  may  drop  by  25°  and  the  wind  velooity 
may  change  from  oomplete  ca2m  to  a  velooity  exceeding  40  meters  per  second. 
Climatic  changes  are  accompanied  by  abrupt  changes  in  atmospheric  pressure, 

Tho  unfavorable  effect  of  olimatic  faotors  on  the  population  can  be  reduced 
by  chortoning  the  routes  used  by  pedestrians  and,  for  thiB  purpose,  in  plan¬ 
ning  for  both  tiny  places  and  cities  as  a  whole,  it  is  neoessary  to  stress 
compactness  in  preparing  the  general  plan. 

In  selecting  the  area  for  building  a  city  under  the  conditions  of  the 
Extreme  North  it  is  necessary  to  to  strive  to  havo  the  area  as  near  as  possible 
to  producing  enterprises  and  to  make  it  convenient  for  the  labor  force  to 
travel  during  the  snowstorms.  Frequent  interruptions  in  transportation  are 
possible  during  the  snowstorms  due  to  both  the  piling  of  snerr  and  lack  of 
visibility.  In  Noril'sk,  despite  the  presence  of  eleotrified  railroad  lines 
to  tho  suburbs,  it  is  still  necessary  taxaraate  at  the  mining  enterprises 
located  in  a  radius  pf  10-20  kilometers  to  create  residential  sett?.ements 
for  placing  the  essential  staff  of  workers. 

The  disposition  of  oities  and  populated  places  on  a  territory  made  up 
of  pormanontly  frozen  subsoils  requires  large  capital  investments  for  im¬ 
proving  the  building  sites.  The  work  for  laying  well-arranged  underground 
communications  is  especially  time-and-labor  consuming  and  requires  largo 
expenditures.  The  need  for  keeping  the  subsoil  in  a  frozen  state  increases 
sharply  the  cost  of  foundations  under  the  buildings.  These  expenditures  oan 
bo  reduood  by  a  general  plan  whioh  emphasizes  oonq>actness  to  be  aooonplished 
by  building  4-5-story  houses.  As  an  example,  a  comparison  is  made  between 
two  versions  of  buildings  used  for  one  of  the  blocks  of  thfi  oity  of  Noril'sk. 

Version  I.  Building  of  5-story  brick  houses. 

Version  II.  Building  of  standard  2-story  wooden  houses, 

Tho  area  required  per  1000  sq.  meters  of  residential  ground,  inoluding 
tho  tenHitoyy  built-up  with  houses  for  cultural  and  general  servioos.  Is  equal 
to  0.212  heotares  aooording  to  tho  first  version  and  to  0,625  hectares  aooor- 
ding  to  tho  seoond  version.  The  work  done  for  building  in  height,  conveniences, 
and  engineering  oommuni  oat  ions  costs  190,000  rubles  per  1  heotare  of  built-up 
area.  The  oost  per  1000  sq,  meters  of  residential  area  containing  6-story 
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brick  houses  is  41,000  rubles  higher  than  for  2-story  wooden  homes.  The  saving 
resulting  from  less  work  in  vertical  building,  conveniences,  and  engineering 
utilitios  is:  (0.6<s5  -  J,^12)  x  190,000  ^79,500  rubles,  i.o,,  the  use  of 
woodon  buildings  increases  the  cost  by  37,500  rubles  per  1000  sq,  meters  of 
residential  area.  This  fact  is  the  one  which  determined  the  number  of  stories 
( 5-story  jf  used  for  building  up  the  city  of  Noril’sk.  Still  more  economical 
would  be  tho  building  of  6-7  stories  in  height,  but  the  need  of  constructing 
and  operating  of  elevators,  as  well  as  the  working  conditions  in  ereoting 
structures  during  the  winter  made  it  advisable  to  provide  the  city  with  5-story 
residential  buildings. 

In  planning  the  layout  for  cities  of  the  Extreme  North  it  should  be 
taken  into  consideration  that  in  many  regions  no  territory  should  be  allotted 
for  growing  vegetables.  Despite  the  many  years  of  attempts  to  plant  trees 
and  brushwood  on  the  territory  of  tho  city  of  Noril'sk,  except  the  annual 
planting  of  oats  and  hothouse  flowers,  there  is  practically  no  vegetation  in 
tho  city.  Therefore,  it  is  not  advisable  to  increase  everywhere  the  oity  ter¬ 
ritory  by  using  large  seotion  for  growing  vegetables.  It  is  necessary  to  take 

into  account  that  an  increased  territory,  in  addition  to  raising  the  oost  of 

construction,  will  also  inorease  the  cost  of  removal  and  carting  away  the  snow# 

These  factors,  whioh  are  related  to  the  engineering-geological  and 
olinatio  conditions,  served  as  a  basis  for  selecting  the  territory  and  for 
planning  tho  layout  of  the  city  of  lloril’sk.  Consideration  was  given  to  six. 
potential  areas  which  could  satisfy  tho  requirements  for  the  layout  of  the 
oity.  The  selected  area  is  located  to  the  northeast  of  the  lake  Dolgoye. 

This  area,  whioh  is  made  up  of  solidly  frozen  subsoil  with  individual  sections 
of  rook  outcroppings,  made  it  possible  by  adhering  to  oertain  conditions  to 
eroct  major  buildings  and  enginnering  communications.  The  sections  located  at 
the  southeastern  p&rt  of  the  selected  area  had  grounds  made  up  of  dusty  and 
silty  soil  with  sheets  of  ioe  and  their  fitness  for  construction  of  major 
buildings  was  doubtful;  for  this  reason,  it  wa3  contemplated  to  locate  there 
light-duty  type  of  buildings. 

Tho  nearness  of  the  city  to  tho  principal  enterprises  and  the  topography 
of  tho  location  made  it  possible  to  solve  the  problem  of  transporting  the  wor¬ 
kers  to  the  plants  and  mining  enterprises  by  autos  and  railroads.  The  correctly 
dotominod  direction  of  the  predominant  winds  served  to  relieve  tho  oity  of 
air  pollution  by  the  waste  gases  of  the  plants  and  of  the  thormoelectrio  cen¬ 
tral  station  (TETs).  The  nearnoss  of  the  lake  and  building  adjacent  to  it  of 
a  park  and  structures  for  sports  provided  the  population  with  a  plaoe  for  rest. 

In  planning  the  oity,  the  adopted  layout  provided  for  its  protection 
against  snowfalls.  This  is  of  partioular  importance,  because  enclosing  the 
buildings  with  snow-protecting  foncos  is  insufficient  to  hold  back  the  entire 
snowfall.  Two  types  of  layout  aro  possible  for  solving  this  problem. 

1.  Through  streets  laid  out  along  the  predominant  direction  of  the 
winter  winds.  This  solution  provides  an  unobstructed  movement  of  snow  along 
these  streets,  but  it  oreates  considerable  difficulties  for  the  population  and 
does  not  prevent  snow  piling  by  winds  with  not  predominant  directions. 

2,  The  use  of  the  built  objects  as  a  snow  and  wind  proteoting  dovioo, 
because  it  was  established  that  the  main  mass  of  the  enow  moves  in  a  zone  not 
higher  than  5-10  meters.  The  planners  did  not  arrive  to  this  solution  at 
onoe,  but  as  a  result  of  studying  the  accumulated  experienoe  with  the  streets 
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of  tho  city  of  Norilsk  with  buildings  arranged  in  a  conventional  perimeter 
with  open  spaces  between  the  houses* 

Strong  snowdrifts  and  tho  lack  of  wind-protected  plaoes  inside  these 
otroot3  made  tliem  unsuitable  for  children’s  reoreations  and  'walks*  These 
facts  proved  tho  unsuitability  of  conventional  layouts  for  the  city  of  Noril'sk. 
In  addition,  the  buildings  located  separately  inside  the  streets  required  sub¬ 
stantial  and  economically  unjustified  work  for  supplying  them  with  engineering 
communications.  Thorefore,  after  a  study  of  the  experience  of  the  first  few 
yoars  of  building,  the  revised  original  plan  had  a  layout  based  on  the  fol¬ 
lowing  basic  principles: 

a)  reduced  number  of  streets  and  areas  open  to  tho  aotion  of  the  pre¬ 
dominant  winds; 

b)  inoreasing  the  length  of  tho  streets  located  at  the  side  of  the 
city  oxposod  to  winds  (Fig.  4); 

c)  using  as  much  as  possible  closed  contours  in  building  up  tho  streets* 
Covering  tho  intor-stroot  spaces  with  buildings  adjoining  tho  outside  oontour 
of  tho  stroot  block  (Fig.  5;  which  mokes  it  possible  to  bring  all  engineering 
communications  through  ventilated  cellars  of  tho  buildings. 

Tho  accumulated  experience  of  industrial  construction  in  cities,  inclu¬ 
ding  also  the  city  of  Noril'sk,  made  it  recently  to  introduce  substantial 
ohongos  in  tho  plans  for  building  up  a  city.  First,  it  booame  necessary  to 
uso  for  residential  building  componont  parts  as  much  as  possible  by  reducing 
to  a  minimum  the  list  of  building  part3.  This  made  it  necessary  to  abandon 
the  use  of  individual  plans  with  front  views  of  complex  configuration.  The 
employment  of  largo  components  mado  it  necessary  to  introduce  tower  oranos  in 
construction  and  to  provide  economically  worthwhile  faoilities  for  transpor¬ 
ting  products  and  materials.  In  connection  with  this,  only  certain  types  of 
plans  wore  used  for  the  subsequent  building  of  other  street  blocks. 

Tho  complexity  and  the  very  high  oost  of  constructing  of  utreet  headers 
for  steam  pipes,  water  pipes,  serfage,  and  cable  networks  made  it  necessary 
to  consolidate  significantly  tho  newly  built-up  street  blooks.  All  of  these 
circumstances  mado  it  practically  necessary  to  review  once  more  the  plans 
for  tho  unbuilt  part  of  tho  oity. 

An  entirely  different  principle  is  usod  in  building  up  tho  oities  of 
Yakutsk  and  Vorkuta,  where  tho  planning  did  not  take  into  account  tho  need 
of  building  lator  a  all-oity  system  of  wator  supply,  sowago,  and  other 
engineering  communi  oat  ions.  As  a  rooult,  instead  of  a  compaot  built  up  oity 
as  a  wholo  and  of  compaot  stroot  blocks,  there  is  a  dispersed  built  up  of 
individual  sections  with  two  and  tliroo-story  houses, 

•ith  tho  problem  solved  in  this  manner,  tho  excessive  length  of  stroot 
hoadors  and  of  engineering  communications,  tho  large  number  of  inlots  to  tho 
buildings,  and  other  work  for  tho  welfare  of  tho  city  will  lead  to  unjusti- 
fiod  oxcossivo  axponditure3.  For  Yakutsk,  Vorkuta,  and  other  oitioe  looated 
in  rogion3  with  permanently-frozon  grounds,  it  would  be  more  expedient  to 
build  thorn  up  vlth  new  street  blooks  in  accordanoe  with  plans  based  on  the 
spooific  requirements  for  tho  regions  of  tho  Extreme  North  and  of  the  Northeast 
of  tho  USSR. 
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Fig*  4*  Method  of  building  up  a  part  of  the  oity  of  Noril'sk 


Fig*  5*  Layout  of  Noril'sk  street  blook  No  29 
*4  =  street  blook. 
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4.  Effect  of  subsoil  grounds  and  climatic  conditions 
on  tho  volume-planning  of  industrial  buildings 

The  high  cost  of  work  spent  on  foundations,  outdoor  utilities,  and  oon- 
vonionoos  makos  it  an  all  cases  oxpodient  to  strive  to  reduoe  tho  territory 
of  tho  ontorpriso  and  particularly  tho  area  to  bo  covered  with  buildings.  Most 
econo- deal  would  bo  tho  oreotion  of  multi -story  industrial  buildings. 

In  planning  tho  Noril’sk  on- concentration  plant,  tho  building  for 
coarso  crushing  located  on  undisturbed  rocky  ground  v/as  built  in  form  of  a 
nulti- story  building  of  more  thon  Z6  motors  of  overall  height  (Pig,  6),  The 
high-power  crushers  and  scroon3  wore  installed  on  the  roofs  of  tho  upper 
floors.  Such  on  arrangement  of  tho  building  is  in  accordance  with  tho  requi- 
nonts  of  tho  technology,  Tho  oro  for  subsequent  processing  is  made  to  enter 
by  gravity.  This  reduced  significantly  tho  oost  of  construction  and  of 
opornting  tho  shop.  It  should  bo  borne  in  mind,  however,  that  not  all  types 
of  subsoils  of  tho  regions  of  tho  Extreme  North  oan  provide  stability  of 
multi-story  buildings  without  largo  expenditures  for  their  reinforoement.  In 
planning  for  buildings  on  grounds  which  may  become  greatly  sagged  when  the 
enterprise  is  in  operation,  it  is  expedient  to  use  buildings  of  no  more  than 
1-2  stories  in  height. 


Pig,  6.  Seotional  view  of  building  for  ooarse-orushing 
of  the  Noril'sk  oro-conoontration  plant 


Tho  desire  to  looato  tho  structures  on  grounds  whioh  can  assure  their 
durability  in  operation  mado  it  in  a  number  of  cases  to  layout  tho  buildings 
doponding  on  tho  features  of  tho  grounds.  Thus,  for  example,  in  the  oase  of 
sloping  outcroppings  of  rooks  usod  for  foundations,  iii  a  number  of  cases  it 
-was  no  co  3. ",  ary  to  subdivide  the  buildings  into  individual  units  looated  in  oas- 
oodo  along  tho  slope  and  oonneotod  by  olosed  transporting  facilities,  or  to 
design  thorn  with  a  shape  that  would  require  a  minimum  of  work  for  a  vertical 
outlay  and  for  building  the  foundations. 
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Still,  even  by  using  the  boot  layout  for  the  buildings  of  the  indus¬ 
trial  enterprises  on  the  rocl<y  aroa3  of  the  city  of  Noril’sk,  the  desire  to 
install  foundations  by  avoiding  unusually  largo  depths  met  with  no  suooess. 

For  oxonple,  the  foundation  for  the  olectrolytio  shop  v/as  installed  to  a 
depth  of  20  meters  whioh  exceeded  tho  huight  of  the  building.  In  the  eleotrio 
furnace  dopar-tmont  of  the  nickel  plant  and  in  tho  building  containing  the 
oloctric  filters,  the  foundations  aro  laid  to  a  depth  of  16-18  meters,  while 
in  tho  main  building  of  the  TETs,  tho  dopth  is  25  meters,  eto* 

Tho  layout  and  tho  orientation  of  buildings  in  direction  of  light  were 
affectod  to  a  considerablo  degroo  by  the  limited  size  of  tho  area  ocoupied  ly 
tho  coke  and  ohomioal  plant  located  on  thawed  grounds;  also  by  the  limited 
size  of  the  areas  of  the  Noril’sk  mechanical  plant  and  auto  base  made  up  of 
loose  frozen  grounds. 

Snowdrifts  affect  substantially  not  only  the  fulfillment  of  the  gene¬ 
ral  plan,  but  also  the  volume-planning  for  the  buildings.  The  first  requi¬ 
rement  is  the  nood  of  covering  the  warehouse  area,  which  under  ordinary  con¬ 
ditions  is  expedient  to  be  left  uncovered.  For  example,  the  metal  warehouse 
of  tho  IToril’sk  mechanical  plant  is  built  unooverod  and  located  between  two 
buildings.  The  snowstorms  during  tho  wintor  pile  up  snow  bo  a  height  reaching 
tho  staoks  of  the  kept  metal.  It  is  not  possible  to  meohanize  tho  removal  of 
tho  paokod  sno w.  Although  a  largo  number  of  people  are  busy  during  tho  long 
v/intor  in  removing  tho  3now  from  the  warehouse,  yet  it  is  frequently  impossible 
to  find  the  needed  blank  or  part  bofore  the  arrival  of  the  spring  thaw.  The 
cost  of  building  a  covered  metal  v/arehouae  could  be  returned  within  4-5  years 
of  oporation.  A  similar  to* ong  execution  was  allowed  to  take  place  in  planning 
of  other  uncovered  warehouses,  namely,  tho  molding  box  warehouse  of  the  meoha- 
nical  plant,  the  warehouse  of  finished  produots  of  the  reinforoed  conorote 
plant,  and  others,  which  resulted  in  excessively  large  operating  expenses  and, 
occasionally,  in  forced  stoppages  of  work. 

Tho  large  piling  of  sno m  and  tho  limited  ability  of  working  with  bridge, 
tower,  and  gantry  cranes  at  the  warehouse  areas  with  the  velooity  of  wind 
exceeding  12-15  meters  per  second  (talcing  placo  from  80  to  120  days  of  the 
year)  made  it  necessary  to  build  the  next  warehouses  mainly  of  the  covered  type, 

Tho  operation  of_  industrial  enterprises  lasting  for  many  years  disolosed 
several  essential  dofeots  in  the  layout  of  buildings  built  in  accordance  with 
designs  whioh  are  typical  for  regions  of  the  central  climatio  zone.  The 
Iloril'sk  mechanioal  plant,  for  example,  was  built  in  1940-1948  in  form  of  indi¬ 
vidual  buildings  located  in  parallel  rows  extending  up  to  150  motors  (Fig.  7). 

Parts  for  subsequent  machining  v/ero  delivered  from  shop  to  shop  by  rail¬ 
roads,  i.o.,  they  were  loaded  into  the  cars,  transported  to  tho  railroad  station 
from  whioh  they  wore  delivered  to  the  other  3hop,  During  a  snowstorm  with 
piles  of  snow,  such  a  procedure  last  several  days.  Opening  of  doors  to  admit 
the  rolling  stock  resulted  in  abrupt  cooling  and  formation  of  vapors  in  the  .  , 

shops.  The  open  spaoe  between  buildings  was  used  due  to  the  existing  norms 
for  natural  illumination  of  the  buildings.  But  the  presonoe  of  windows  did 
not  oliminate  the  need  for  artificial  illumination  during  the  entire  year.  In 
addition,  suoh  a  layout  for  the  buildings  lead  to  an  ineffective  use  of  the 
high-quality  grounds  and  inoreased  construction  oosts  spent  for  outdoor  utili¬ 
ties  and  for  the  improvement  of  larger  areas  of  the  territory. 


Fig.  7.  Layout  of  shops  of  Noril'sk  mechanical  repair  plant 
a)  built  according  to  plans;  2)  sample  of 
efficient  layout  of  buildings. 

The  construction  of  tho  plant  in  form  of  separately  located  buildings 
v,us  tho  result  of  underestimating  the  special  conditions  of  the  Extreme  North 
by  tho  do  signors.  Tfithout  relying  too  much  on  natural  illumination,  the 
structures  could  have  been  combined  into  a  single  building. This  would  make  it 
possible  to  reduce  considerably  the  volume  of  outside  walls,  the  number  of 
foundations,  the  number  of  roinforccd  concrete  structures  of  the  building's 
sholl,  and  to  arrange  tho  intor-sliop  transport  without  trips  outside  the 
building  and  to  avoid  large  piles  of  snow  between  separate  buildings. 


i.'any  enterprises  in  tho  city  of  Noril'sk  have  been  built  in  form  of 
3op~ratoly  located  buildings,  nanoly,  the  central  base  for  automotive 
vehicles,  tho  mechanical  plant  of  the  mining  administration,  etc. 


At  the  present  time,  the  planning  follows  the  principle  of  maximum 
consolidation  of  buildings  with  the  shops  of  the  enterprises  arranged  in 
bloc’s.  For  oxamplo,  the  block  of  shops  of  the  Kayyerkan  coal  mining  pit, 
which  is  now  under  construction,  combines  into  a  single  building  a  garage  for 
<L3  vohiclos,  an  excavator  repair  shop,  a  mochanioal  repair  shop,  an  electric 
repair  shop,  a  substation,  and  a  general  service  combine.  The  projected 
building  for  tho  block  of  shops  of  the  open-cut  mine  combines  tho  shop  for 
repair  of  diosel-olectrio  locomotives,  the  shop  for  repair  of  dump  cars,  the 
oxcavator  repair  shop,  the  shop  for  servicing  boring  bit6,  the  mechanical 
rooair  shop,  tho  eloctric  repair  shop,  the  spare-parts  warehouse,  a  substation, 
and  a  general  service  combino.  Such  a  consolidation  of  buildings  into  blooks 
of  shops  made  it  possible  to  reduce  the  construction  cost  by  25-30/2  and  to 
improvo  significantly  tho  operating  conditions  of  the  enterprises. 


The  consolidation  of  shops  into  a  single  building,  however,  makes  it 
loss  possible  to  illuminate  the  inside  rooms  with  natural  daylight  and  im¬ 
pairs  tho  conditions  for  natural  vontilation.  Conventional  skylights  (for  air 
and  light)  provide  neither  illumination  nor  ventilation,  as  proven  by  the 
oner  tin-  experience  in  Noril'sk.  The  adjustment  of  skylight-casements  during 
strong  winds  and  snowdrifts  is  impossible.  Usual  opening  devices  are  unable 
to  release  the  frozen  casement.  Even  when  open,  all  fouf  of  its  parts  and 
their  connections  beoome  packed  with  compressed  snow  which  prevents  their 
closing.  When  open,  the  casements  of  the  skylights  contribute  to  the  penetra- 
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tion  into  ha  shops  or  large  masses  of  snow  and  cold  air  during  a  snowstorm* 
<'ind  gusts  changing  frequently  their  velocity  and  direction  oause  the  air  to 
whirl  insided  the  buildings. 

Complexity  of  operation  and  ineffectiveness  of  skylights  for  providing 
light  and  ventilation  have  for  their  ro suits  that,  during  the  winter,  &  predo¬ 
minant  majority  of  Noril'sk  enterprises  are  tightly  plugged  and  piled  with 
snow  (Fig,  8).  Also,  the  presenoe  of  skylights  in  oertain  Noril’sk  industrial 
buildings  resulted  in  damaging  the  structures  supporting  the  roofs. 


Fig,  8,  Seotlon  of  mechanical  repair  shop.  Snow 
piles  on  roof  with  lower  level.  1)  predominant  wind. 

Technical  conditions  require  that,  in  determining  the  magnitude  of  the 
snow- load  in  places  where  a  low  building  adjoins  a  taller  one  with  a  wall  con¬ 
taining  open  spaces  for  air  and  light,  the  difference  between  the  roof-levels 
should  be  equal  to  the  distance  from  the  bottom  of  the  open  spaces  to  the 
roof  of  the  adjoining  lower  building.  For  this,  the  snow  density  is  aBsummed 
to  be  equal  tp  200  kilograms  per  oubio  meter.  The  experionoe  with  roofs  in 
Noril’sk  shows  that  during  a  snowstorm  with  winds  reaching  a  velocity  of  40 
meters/seo  it  is  impossible  to  remove  the  snow  from  the  roofs.  Snowstorms  fre¬ 
quently  last  for  several  days.  All  outdoor  works  and  removal  of  snow  from  the 
roofs  are  discontinued  when  the  wind’s  velocity  exoeeds  22  meters/seo.  The  snow 
quickly  covers  the  roofs  with  lower  level.  It  was  found  that  the  wind  pressure 
oan  change  the  snow  density  from  0.22  to  0,55  kg/ou.  meter  and  raise  the.  snow 
piles  to  a  height  exceeding  the  bottom  level  of  the  windows  in  the  wall  above 
the  roof  of  the  lower  building. 

In  heated  buildings,  the  snow  falling  from  the  open  skylight  casements 
to  the  zone  of  warm  air  currents  and  also  from  the  windows  located  above  the 
roof  of  the  lower  building  beoomes  melted  and  together  with  the  condensed 
moisture  of  the  air  ejected  through  the  skylight  arid  the  windows  forms  ioioles 
on  the  lower  roof.  For  example,  large  masses  of  compressed  snow  held  back  on 
the  roof  of  lower  level  and  in  the  skylights  of  the  eleotrolyting  shop  of  the 
nickel  plant  and  of  the  TETs  maohine  room  are  responsible  for  the  intensive 
formation  of  ioe  deposits.  At  the  TETi  (Thermoeleotric  oentral  station),  the 
overloading  of  the  roofs  demolished  a  part  of  the  preoast  reinforoed  oonorete 
plates  and,  correspondingly,  inoreased  the  load  on  the  metal  girders  of  the 
roof.  The  metal  girders  of  the  eleotrolyting  shop  were  deformed  to  a  degree 
that  threatens  their  oollapse. 
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In  these  cases,  the  collapse  of  the  roofs  was  prevented  by  taking  a  few 
stops,  ouch  as,  dismantling  the  skylight,  reinforoing  the  metal  girders  of  the 
electro lytio  shop,  and  by  adding  other  parts  to  the  metal  structures  oovering 
tho  machine  room  of  the  TETs  in  ordor  to  increase  the  supporting  oapaoity  of 
the  prooast  reinforced  oonorete  plates.  This  overloaded  the  metal  oovering 
structures  by  20-30/2, 


Fig*  0,  Roof  of  main  building  of  large  ore-concentration 
plant  after  a  snowstorm,  1)  deposited  ioe. 

The  use  of  roofs  of  different  levels  will  ruin  the  roofing  material  and 
the  insulation,  as  it  occurred  in  the  substation  of  the  ore-conoentration  plant* 
The  substation  was  built  into  the  main  building  and  was  designed  with  a  roof 
descending  about  5  meters  lower.  The  moist  warm  air  enterine  from  the  shop 
through  the  open  spaces  in  the  descending  wall  fomed  under  the  large  cover  of 
snow  an  accumulation  of  water  which  was  held  baok  by  the  overhanging  ioe.  This 
water  was  changed  into  ioe  by  a  drop  in  temperature  (Fig,  9),  The  water  pene¬ 
trating  through  the  roofing  material  into  the  heat" insulating  layer  of  foamy 
cement  had  reduced  its  thermal  resistance  and  intensified  the  molting  of  the 
snow.  The  pentration  of  water  into  the  substation  made  the  operation  extremely 
difficult.  Annual  repairs  of  the  roof  produced  no  results.  To  eliminate  this 
defect,  it  was  decided  jo  build  a  second  cover  with  empty  spaoe  between  the 
roofs,  the  ventilation  of  which  should  prevent  the  melting  of  snow  on  the  roof 
(Fig.  10). 

An  experimental  roof  with  the  wind  blowing  through  the  spaoe  between 
the  skylights  (Fig.  11)  was  built  for  the  sintering  shop  of  the  nickel  plant  to 
eliminate  snow  piling  on  the  lower  roofs.  It  reduoed  considerably  the  piling 
of  ico  botv/eon  the  skylights,  but  the  snow  held  baok  by  the  elevated  part  of 
tho  building  roduced  the  amount  of  air  and  light  passing  through  the  skylights, 

large  piles  of  snow  overloading  the  outer  span  were  formed  on  the  roof 
of  tho  electrolysis  department  of  the  eleotrolytio  shop  whioh  had  roofs  of 
different  levels.  In  planning  the  expansion  of  the  shop,  it  was  deoided  to 
remove  the  existing  struotures  and  build  a  roof  with  the  same  level.  The  newly 
designed  roof  had  lateral  air  and  light  skylights  located  in  parallel  to  the 
direction  of  the  predominant  winds  (Fig,  lk).  It  reduoed  considerably  the  snow 
deposits,  but  failed  to  illiminate  and  ventilate  the  inside  of  tho  building 
because  it  was  impossible  to  adjust  the  casements  of  the  skylights. 
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Pig#  10.  Oro-ooncentration  plant.  Double  above  span  of  substation, 

keys  1)  shafts;  2)  road  from  top  down:  1  laver  of  ruberoid  over  2  layers 
of  porgomyn  (artificial  parchment  oapor);  cement  tie  pieoej  plates 
of  precast  reinforoed  concrete;  cross  pieces  of  precast  reinforoed 
concrete;  brick  column  of  250  x  250  brioks,  h  -  2  brioks. 


Fig.  11. 

skylights. 


Building  of  sintering  shop.  Ventilated  roof  between 
1)  through  open  spaces;  2)  predominant  winds. 
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Fig.  12. 


Niokel  olectrolyting  shop,  sectional  view. 
Priority  I  roof 3  are  shown  by  broken  lines. 


La  tor,  in  designing  tho  roofs,  first  under  consideration  was  how  to 
prevent  tho  piling  of  snow  and  for  t’ii3  it  was  necessary  to  increase  in  a 
number  of  casos  tho  building’s  voluno  by  using  so-called  prolonged  roof- 
clopos  (Fig.  13).  Design  of  individual  spans  without  natural  illumination 
wa3  allowed  to  talco  pluce.  At  the  presont  time,  skylights  with  wind-pro  tooted 
shields  (Fig.  14)  are  employed  for  ventilation  of  metallurgical  shops  subjeo- 
tod  to  large  quantities  of  given  off  gasos.  The  advantage  of  Bkylights  with 
wind-rope 1 ling  shields  is  that  thoy  do  not  require  adjustments  and  their 
oporation  does  not  depend  on  the  direction  and  velooity  of  the  wind.  They  do 
not,  however,  eliminate  snow  piling  and  aro  unfit  for  natural  illumination. 
3now  piling  on  roofs  a  an  bo  reduoed  by  locating  the  housings  with  wind- 
ropelling  shields  in  parallel  to  the  predominant  winter  winds,  or  by  arranging 
them  in  form  of  individual  shafts  on  the  elevated  part  of  the  roof. 


Fig.  13.  Smelting  and  refining  shop  of  the  copper- 
smelting  plant.  Prolonged  slope  of  roof. 


The  rooms  of  wide  buildings  oan  be  illuminated  by  using  smooth  semi¬ 
transparent  roofs.  If  built  without  abrupt  change  in  levels,  the  snow  will 
bo  blown  off  suoh  roofs  and  it  will  bo  easy  to  remove  the  settled  dust.  Trans¬ 
parent  sootions  of  the  roof  should  bo  made  of  strong  unbreakable  plasties 
suitable  for  airtight  joints. 

The  experience  of  many  years  in  dealing  with  roofs  has  shown  that  in  the 
absence  of  abrupt  level  ohanges  the  snow  is  not  retained  on  smooth  or  spherioal 


roofs; tho  snow  fallen  during  calm  weather  is  blown  off  by  the  first  snowstorm. 
It  made  it  possible  in  designing  such  roofs  to  assume  a  snov^-load  of  0.5  Rg 
whioh  was  usod  in  specifications  prior  to  the  year  of  1955.  Y/ithout  taking 
into  account  the  open  spaces  in  tho  walls  of  the  adjoining  building,  the  regu¬ 
larity  with  which  snow  piles  are  formed  on  roofs  with  lower  levels  and  the 
increased  density  of  snow  at  places  whoro  it  accumulates  furnished  the  basis 
for  using  tho  SIJiP  instructions  in  figuring  the  snow- load  at  plaoes  where  the 
buildings  drop  in  height.  But  aotual  data  should  be  used  in  figuring  the  snow 
density.  Concerning  Noril’sk,  thoso  deviations  from  the  norms  and  existing 
specifications  are  agrooble  to  tho  Gosstroy  USSR.  In  addition,  the  use  of  dif¬ 
ferent  levels  for  light  and  ventilation  housings  oauses  the  formation  of  large 
deposits  of  ioe  in  form  of  huge  icicles  settling  on  tho  cornioes  when  the  roofs 
are  subjected  to  tho  direct  action  of  tho  sunrays  (Fig.  15). 


Fig.  14.  Wind-protected  ventilation  skylights 


,  Fig,  15,  Formation  of  ioioles  on  roofs  of  lower  level 
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In  designing  industrial  buildings,  special  attention  should  be  paid 
to  tho  design  of  the  doors  for  ontoring  railroads  and  trucks.  It  is  very 
important  to  locate  tho  doors  by  taking  into  account  the  predominant  direc¬ 
tion  of  tho  winds  and  to  use  a  correct  door-opening  system  and  a  oorreot 
hoat-pro  too  ting  system  for  the  open  space  of  the  door, 

Evon  in  tho  nbsonco  of  winds,  tho  opening  of  doors  in  tho  niokel  and 
coppor  plants  produced  a  strong  current  of  cold  air  caused  by  the  ventilation 
and  tho  gases  exhausted  from  tho  fumaoes  which  rarefied  to  a  oertain  extent 
tho  air  inside  the  buildings,  Tho  inability  of  keeping  the  closed  doors 
airtight  results  in  a  movomont  of  cold  masses  of  air  near  the  opon  space  which 
is  rosponsiblo  for  workors  catching  colds.  Even  greater  troubles  are  possible 
when  doors  aro  oponod  manually  during  a  snowstorm  whioh,  when  done  by  inexpe- 
rionccd  people,  con  rosult  in  sorious  injuries.  During  a  Bnowstorm,  vast 
massos  of  cold  air  and  snow  burst  into  tho  shop  through  the  opon  doors, 

More  difficult  is  to  solve  the  problem  of  designing  doors  for  heated 
buildings  filled  with  high  contont  of  moisture,  especially  for  entering  of 
trains.  For  example,  the  entrance  of  railroad  rolling  stook  formed  such  a 
donse  fog  in  the  working  area  of  tho  electrolytic  shop  that  the  visibilty 
oxtondod  to  no  more  than  1-2  meters.  The  necessity  of  opening  the  door 
sovoral  times  a  day  during  sevoro  frosts  made  the  working  conditions  diffi¬ 
cult  and  there  wore  cases  of  injuries.  Moreover,  ice  was  deposited  on  the 
walls  of  tho  entrance  which  ruined  the  walls  and  the  oaroass  of  the  building 
(tho  bricks  of  tho  walls  became  laminated  and  disintegrated).  A  high-duty 
hoat-curtain  was  was  built  near  the  entranee,  but  even  this  did  not  solve 
the  problem,  especially  during  a  snowstorm.  Only  by  building  a  tambour  so 
that  tho  doors  to  the  shop  are  oponod  only  when  tho  tambour  door  is  olosed 
and  by  using  high-duty  heat-ourtains  at  both  the  tambour  and  shop  Entran¬ 
ces  it  was  possible  to  avoid  the  formation  of  fog  and  prevent  the  building 
from  disintegration. 

A  similar  phenomenom  was  also  the  case  at  the  ontranoe  of  the  TETs 
machine  room  during  the  construction  and  assembly  work  for  the  expansion  of 
tho  station. 

In  tho  hoated  3hops  of  the  mechanical  repair  plant  tho  doors  for  the 
ontranco  of  railroads  have  neither  tambours  nor  heat-curtains,  but  there  is 
a  lessor  pono  tration  of  cold  air  into  tho  building.  This  is  due  to  the  faot 
that  tho  fronts  of  the  shop  containing  the  doors  are  arranged  in  parallel  to 
tho  prodominant  direction  of  the  winds;  it  reduces  the  extent  of  the  snow- 
affoctod  soction  of  the  path  in  front  of  the  entrunce  and  the  possibility  of 
cold  air  blown  into  the  shop  during  a  snovrstora. 

Tho  unfavorable  effect  of  opening  of  doors  on  the  working  conditions 
in  tho  buildings  oan  bo  reduced  by  talcing  the  following  stops. 

1.  In  dosigning  tho  vontilation  of  unheated  buildings  it  is  necessary 
to  provide  conditions  that  will  provent  the  rarefaction  of  air  in  tho  buil¬ 
dings.  In  unhoated  buildings,  v/lioro  tho  technological  process  is  unavoidably 
connected  with  removal  of  gasos  and  dust  and  requires  an  exhausting  system, 
a  forced  vontilation  supplying  tho  building  with  warmed  air  must  be  provided 
in  all  casos.  From  tho  experience  with  unheated  buildings  in  the  city  of 
llorll'sk  (sevoral  shops  of  metallurgical  plants)  equipped  with  exhausting 
vontilation,  it  was  established  that  best  conditions  for  workers  oaa  be 
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obtainod  by  an  inflow  of  warn  air  through  slits  in  the  channels  located  at 
tho  lov/or  part  of  tho  door's  opening  (Pig.  16).  In  suoh  a  case,  a  pertain 
warming  up  is  felt  at  a  seotion  adjoining  a  olosed  door  and,  when  the  door 
is  opcnod,  the  warm  air  propels  the  oold  air  upward  ,  reducing  thereby  the 
bad  effect  of  the  latter  on  the  workers. 


Fig.  16.  Installation  of  heat-curtains  for  buildings 

a)  front  view;  b)  viow  along  1-1;  o)  view  along  a-a; 
key:  l)  heater;  2)  installed  hoat-curtain. 


It  is  desirable  to  oombino  into  one  block  the  control  regulating  the 
tho  devicos  of  the  ventilation  chamber  with  the  mechanism  for  opening  of  the 
doors  in  such  a  manner,  that  with  doors  opon  there  should  be  a  more  intensive 
pumping  of  warm  air  into  the  channol  of  the  hoat-curtain.  The  equipping  of 
doors  of  unhoated  Noril'sk  buildings  with  curtains  was  always  accompanied 
with  airtight  sealing  of  the  fencing  structures  of  the  building.  The  walls 
were  mode  thicker  by  plastering,  part  of  the  windows  were  covered  with 
bricks,  eto, 

2.  The  entrances  should  bo  so  oriented  as  to  have  the  walls  containing 
the  doors  in  parallel  with  the  direction  of  the  predominant  winds.  This  oan 
provont  tho  piling  of  snow  on  tho  ontering  path  and  reduce  the  blowing  of  the 
bulk  of  cold  air  into  tho  building. 

3.  Tho  door-opening  should  bo  inside  the  building  or  should  be  moving 
apart;  the  opening  of  doors  on  the  outside  is  impossible  even  when  the  snow 
piling  is  insignificant.  For  doors  opening  inside  the  shop  and  for  a  dead-ond 
railroad  entrance,  the  length  of  the  part  of  the  path  inside  the  shop  should 
be  increased  by  the  width  of  the  door.  The  doors  for  the  entraaoe  of  rail- 
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•road  cars  (desirable  also  for  trucks)  should  be  opened  by  mechanisms, 

4,  For  hoatod  buildings  aro  rocomnended  heat-ourtains.  Buildings  vdth 
a  high  content  of  moisture  should  be  oquipped  vdth  warmed  tambours  and  high- 
duty  heat-ourtains. 

By  effecting  the  listed  steps,  it  was  possible  to  oreate  in  Noril'sk 
normal  working  conditions  in  6hops  oquipped  with  entrances# 


Chapter  II 

SPECIAL  DESIGN  FEATURES  CALLED .FOR  BY  THE  NATURE 
OF  THE  GROUNDS  FOR  FOUNDATIONS 

pp  33-84 

1.  Requirements  affecting  the  design 

Tho  following  requirements  must  be  satisfied  v,rhen  designing  buildings 
for  tho  regions  of  the  Extreme  North. 

1.  Assured  durability  of  tho  buildings  scheduled  to  be  constructed 
in  the  zono  of  permanently  frozon  subsoils  and  instructions  emphasizing  the 
necessity  of  maintaining  tho  planned  operating  conditions  (it  concerns  the 
offoct  on  the  subsoil  temperatures  by  the  heat  emitted  by  the  buildings), 

2.  The  possibility  of  erecting  buildings  when  temperatures  are  low 
by  jald-ng  into  account  the  long  duration  of  the  winter  season  which,  in  many 
cases,  makes  it  necessary  to  put  c  building  into  operation  and  to  start  the 
construction  of  the  entire  planned  object  prior  to  the  arrival  of  the  spring- 
surmcr  thawing  of  the  concrete  and  mortar. 

3.  The  materials  for  tho  supporting  and  enclosing  structures  are  to 
be  accoptod  after  a  detailed  economic  investigation  to  ascertain  the  possi¬ 
bility  of  establishing  a  transporting  communication  system  between  the  con¬ 
struction  sites  and  the  rail  and  water  systems;  the  materials  are  to  be 
soloctod  by  taking  into  account  the  minimum  labor  required  for  their  produc¬ 
tion  into  finished  products  at  the  site  of  construction. 

It  was  established  by  an  economic  analysis  that  the  actual  cost  per 
r.-n  is  3.2  times  highor  in  Noril'sk  than  in  the  regions  of  the  central  belt 
of  iho  country.  Taking  into  account  tho  bonuses  paid  in  the  North,  the  wages 
of  construction,  wokkors  are  2.4  times  higher  than  in  other  regions.  Hence 
tho  extremely  high  cost  of  producing  construction  materials  and  products. 

Even  in  Iloril'sk  despite  its  developed  base  of  a  construction  industry,  in  many 
cases  it  is  cheaper  to  purchase  construction  materials  elsewhere  than  to 
produce  them  in  Noril'sk.  For  brick  structures,  however,  it  is  more  profitable 
to  produce  the  brioks  in  Noril'sk  (which  ordinarily  is  very  uneconomical  in 
view  of  the  conditions  of  the  Extreme  North). 

The  oost  of  local  and  important  construction  materials  and  products 
arc  compared  in  Table  1. 
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Table  1 

Comparative  coat  of  cortain  building  materials 
and  products  (local  and  imported)in  Noril’sk 


key:  1)  -lame  of  material  and  product;  2)  unit  of  measurement;  3)  price 
in  Krasnoyarsk,  rublos;  4)  cost  of  transporting  from  Krasnoyarsk 
to  Iloril'sk,  rublos;  5)  cost  of  imported  materials  and  products, 
rublos;  6)  price  in  Iloril’sk;  7)  extra  cost  when  produced  locally, 
in  rubles;  8)  M  100  building  bricks;  9)  reinforced  concrete 
corrugated  plates;  10)  piles,  300  mm  in  diameter;  11)  skeleton 
metal  co limns  weighing  more  than  5  tons;  12)  building  girders  with 
span  from  24  to  36  meters;  13)  lime,  construction  type;  14)  window 
blocks;  15)  door  blocks;  16)  boards  for  covering  clean  floors; 

17)  plates  of  foamy  cenont;  18)  cement-f ibrolite  plates;  19) 
ferrous  bolts  and  nuts;  20)  LI  400  cement;  21)  pieces, 

4.  Giving  consideration  to  the  high  cost  of  building  and  to  the  forced 
intcruotions  of  construction  caused  by  severe  frosts  and  snowstorms  which  com¬ 
plicate  the  outdoor  work  and  affect  unfavorably  the  human  organism,  it  is 
still  necessary  to  try  to  reduce  the  cost  of  labor  spent  in  erecting  the 
selected  structures.  It  is  necessary  to  use  supporting  structures  made  of  steel, 
and  of  high-strength  and  light-weight  alloys;  for  enclosing  structures  it  is 
nocossary  to  use  light  and  strong  materials.  The  production  of  structures  made 
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of  nov;  mate rial  should  be  established  in  the  regions  connected  with  tho  con¬ 
struction  sites  of  tho  Extreme  Horth  by  marine,  river,  and  railroad  communi¬ 
cations.  The  finished  products  should  bo  delivorod  to  tho  construction  sito 
in  form  of  assembled  components  and  panels. 

5.  In  selecting  the  type  of  construction  it  is  necessary  to  ^"ke  into 
account  tho  possible  deformation  of  the  structures  caused  by  settlinb  tho 
foundations  when  the  buildings  arc  in  operation,  particularly  the  settling  of 
foundations  installod  on  roclc/  and  loose  frozen  subsoils;  a  number  of  other 
factory  should  also  be  token  into  account. 

Tho  lack  of  knowledge  of  tho  features  of  construction  work  which  are 
specific  for  the  conditions  of  the  Extreme  ’forth  and  for  permanently  frozen 
grounds  is  responsible  for  the  several  grave  errors  made  by  the  de signors 
during  the  initial  period  of  construction  in  Iloril'sk  which  resultod  in 
deformation  and,  in  certain  cases,  to  the  collapse  of  the  buildings.  A  study 
of  all  cases  of  deformation  and  collapse  of  buildings  and  communications  which 
have  taken  place  mado  it  possiblo  to  improve  gradually  the  technical  solutions 
and  to  find  new  ways  of  erecting  complex  structures  on  uifferent  typos  of 
grounds  in  the  region  of  merging  permanently-frozen  grounds;  also  to  make  the 
structures  durable  and  to  satisfy  the  required  operating  conditions, 

Tho  basic  factor  which  determines  tho  construction  solution  for  a  built-'..., 
ding  I :  the  tho  frozen-ground  characteristic  of  the  soil;  with  this  as  a  basis, 
the" design  of  buildings  is  .subdivided  into  tho  following  typical  groups: 

a)  buildings  erected  on  rocky  grounds; 

b)  buildings  erected  on  thawod  ,  or  preliminarily  thawed  grounds; 

aj  buildings  erected  on  permanently-frozen  grounds  by  taking  into 
account  a  subsequent  thawing  and  development  of  sagging; 

d)  buildings  erected  on  grounds  romaining  in  the  permanently  frozen 

Z  wU  vO  • 

Given  below  is  a  description  of  the  deformations  and  collapse  of 
buildings  and  structures  that  have  taken  place  when  erected  on  different  typos 
of  grounds  and  also  an  analysis  of  the  causes  responsible  for  it;  this  makes 
it  possible  to  benefit  from  the  errors  made  in  construction  in  Iloril'sk  and 
in  other  cities  and  to  avoid  a  repetition  when  designing  under  similar  condi¬ 
tions. 


2.  Buildings  erected  on  rooky  grounds 
Supporting  Structures 

In  Iloril'sk,  on  rooky  grounds  arc  erected:  on  ore- concentration  plant, 
a  nickol,  copper,  and  cobalt  plants,  tho  TETs  (Thermoelectric  Central  Station), , 
and  certain  buildings  of  the  mining  ditricts.  The  supporting  structures  of  the 
buildings  erected  on  rocky  grounds  did  not  differ  from  the  usual  designs.  Even 
here,  however,  there  are  certain  features  the  disregard  of  which  resulted  in 
deformation  of  certain  buildings,  such  as  of  the  mechanical  shops  of  the  mine 
Ho  7/3  and  of  the  copper-smelting  plant,  the  buildings  of  the  fire-prevention 
and  diescl-electric  stations  of  the  "i.fodvezhiy  Ruchey"  mine,  etc.  The  loads  on 
the  foundations  of  these  buildings  were  insignificant  and  could  not  demolish 
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■the  rocks.  The  buildings,  howovor,  became  30  deformed  that  restoration  work 
•.vas  nccoosary,  while  the  building  of  the  fire  station  collapsed  entirely. 


Fig.  17.  Dofomod  building  of  the  fire  station 

Tho  building  of  the  f  iro  station  ’.ms  planned  to  be  erected  on  a  rocky 
ground.  In  view  of  tho  small  load,  the  foundations  wore  installed  on  the 
cracked  upper  layer  of  the  rock  which,  under  ordinary  conditions,  is  entirely 
permissible;  but  tho  builders  did  not  take  into  account  the  ioe  saturated 
in  tho  cracks.  As  a  result,  at  the  expiration  of  several  years,  the  soil 
under  tho  building  had  softened  to  a  considerable  depth  and  oau3ed  the  sagging 
of  tho  foundations  (Fig.  17).  dm  investigation  provod  that  the  layer  of  the 
demo  1  '.shod  rook  roachod  3-4  motors  in  tho  foundation.  The  thawing  of  the  ioe 
inclusions  in  tho  denolishod  layor  caused  a  large  sagging  of  the  foundations. 
Tho  cU  formations  of  tho  buildings  of  the  meohanioal  shops  4re  due  to  the  same 
causes. 


In  tho  majority  of  cases  the  thickness  of  the  layor  of  demolished  rock 
;'Illod  with  ioo  was  insignificant  and  by  deepening  somewhat  the  foot  of  the 
foundations  tho  oould  be  made  to  rest  on  a  strong  rock.  At  times  this  would 
also  sc  advisable  from  the  economic  standpoint,  because  it  would  make  it 
oos.iblo  to  increase  tho  proesuro  on  tho  baso  and  reduce  thereby  the  foot  of 
of  the  foundations.  In  building,  for  example,  the  I  and  II  priorities  of  the 
Noril'sk  Td’i's  tho  pressure  on  tho  rocky  base  was  allowed  to  reach  20  kilograms 
oor  so.  centime  ter  with  consideration  given  to  the  cracked  state.  In  building 
the  Ill-priority  of  the  T3Ts,  tho  pits  under  the  foundations  reached  a  dopth 
of  25  motors  and  it  was  eoonomicaly  oxpedient  to  deepen  further  the  pits  by 
removing  2-3  motors  of  craokcd  rocks  ^nd  increase  theroby  tho  calculated 
resistance  of  the  base  to  40-50  kg/cm”.  This  made  it  possible  to  reduco  the 
volumo  of  excavation  work  and  to  roduco  signif ioantly  tho  cross  section  of 
the  foundation  feet. 

Such  a  solution,  however,  is  not  always  advisable  beoause  the  demolished 
rock  may  be  extended  to  a  considerable  dopth.  The  durability  of  buildings 
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erected  on  cracked,  ice-saturatod  rocky  beds  can  be  assured  by  using  the  tech¬ 
nical  solutions  recommended  for  buildings  to  be  erected  on  permanently  frozon 
grounds  with  consideration  givon  to  their  subsequent  thawing  and  possible 

sagging. 


In  cortain  cases  it  is  oxpouient  to  increase  the  density  of  the  bases 
by  preliminary  thawing.  For  this  puroose,  steam  under  a  gage  pressure  of  6-8 
atmosphoros  is  injected  into  the  holes  drilled  to  the  depth  of  the  disrupted 
rock  layer.  After  6-8  hours  of  steaming,  tho  thawing  extends  to  a  radius  of 
1.5-2  meters.  The  weight  of  the  ground  causes  the  base  to  sag  and  to  become 
partly  more  compressed. 

In  orecting  particularly  important  buildings  on  frozen,  cracked  rocky 
grounds  when  irregular  sagging  is  not  permitted,  the  base  can  be  reinforced 
by  the  injection  method.  For  example,  in  designing  the  building  above  the 
Iloril'sl:  mine  Ho  7-bis  together  with  a  roinforcod  concrete  pile  driver  for 
the  vortical  shaft,  a  geological  investigation  had  established  that  a  demo¬ 
lished  layer  of  rock  containing  cracks  filled  with  ice  inclusions  extends  to 
a  depth  of  up  to  30  motors.  The  technologists  wore  confronted  with  rigid 
requirements,  namely,  tho  building  must  be  airtight  to  enable  tho  creation  of 
rarefied  air  inside  tho  pile  driver.  Tho  lattor  is  connected  with  tho  devices 
of  tho  lifting  and  transporting  equipment  and  a  deviation  from  tho  vertical 
axis  of  tho  pile  drivor  was  not  permitted.  In  designing  the  shaft  it  was 
necessary  to  moke  it  possible  to  use  the  shaft  for  ventilation  purposes  and 
for  eassing  large  quantities  of  "warned  air. 

The  execution  of  the  last  requirement  was  connected  with  on  invoidable 
thawing  of  tho  bulk  of  rocks  adjoining  the  perimeter  of  the  shaft.  The  sagging 
of  she  strata  due  to  the  thawing  could  cause  considerable  deformation  of  tho 
"j-lc  Irivor  and  of  tho  shaft  also;  this  would  disrupt  the  airtightness  of  the 
building  and  could  distort  its  vertical  axis.  Tho  apprehensions  of  the 
designers  were  based  on  tho  serious  deformations  of  the  shaft  of  the  building 
above  oho  Vorkuta  mine  K o  27  which  was  built  on  permanently  frozen  grounds. 

The  shaft  was  ruined  as  a  result  of  the  thawing  of  the  adjoining  bulk  of  per¬ 
manently  frozen  ground,  which  ’.ms  caused  by  the  passage  through  tho  shaft  of 
large  quantities  of  warm  air. 

Taking  all  this  into  aocount,  tho  designers  provided  for  strengthening 
tho  baso  by  injecting  cement  mortar.  Thi3  mothod  of  strengthening  was  accomp¬ 
lished  successfully  for  several  Iloril’sl;  objects.  The  injection  was  effected 
through  hole.',  of  15-20  centimeters  in  diameter  drilled  ovor  the  entire  depth 
of  the  ice-saturated  cracked  rock.  The  location  of  tho  holes  was  planned  for 
an  injection  radius  of  up  to  1.5  meters.  Tho  stoam  pumped  into  tho  holes  had 
a  gage  pressure  of  6-8  atmospheres.  The  steaming  time  was  determined  by  fch£>- 
comsiotc  thawing  of  the  ice  inclusions  and  by  tho  warming  of  the  bulk  of 
demolished  rock  to  a  temperature  of  40-50  degrees.  The  cement  mortar  was  in¬ 
jected  immediately  following  the  steaming  and  the  next  hole  was  used  for 
removing  the  formed  water  and  for  observing  the  radius  of  penetration  of  the 
injected  mortar. 

Tho  warming  of  the  injected  base  enables  the  mortar  to  acquire  the 
required  strength  prior  to  the  cooling  of  tho  bulk  of  rooks  (Fig.  18).  In 
certain  cases  the  durability  of  a  building  erected  on  a  rooky  base  is  affected 
by  the  layer  of  the  permafrost  grounds  located  on  top  of  the  rooks  which. 
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due  oO  thawing,  nay  bring  about  loads  which  are  usually  unaccounted  for.  For 
oxanplo,  several  hoatod  buildings,  mostly  of  the  'temporary  and  light-weight 
typo,  built  on  rocks  extending  3-5  motors  in  depth  became  defomed  after 
several  years  of  operation  and  certain  of  them  were  demolished  by  landslides. 
Prior  to  tint,  no  landslides  wore  observed  during  the  seasonal  thawing  of  the 
grounds;  thoy  appeared  as  a  result  of  the  presence  of  a  large  thawing  bowl. 


Fig.  18.  Idino  No  7-bis.  Reinforced  concrete  pile  driver  end  the 
building  above  the  mine,  llethods  of  cementing  the  base: 

1)  holes  for  cementing  tho  base;  2)  border  of  cemented  zone; 

3)  surface  of  the  rock. 

Thero  is  a  possibility  of  large  horizontal  forces  appearing  due  to  the 
swelling  of  tho  layer  of  soil  abovo  the  rocks  during  the  winter  freezing.  For 
example,  a  formation  of  cracks  during  the  winter  was  observed  in  the  walls  of 
the  underground  channels  which  wo  re  caused  by  the  horizontal  forces  of  the 
swelling.  The  calculation  of  tho  latoral  pressure  on  the  ground  by  the  en¬ 
closing  walls  without  taking  into  account  tho  forces  due  to  swelling  had  shown 
in  this  case  that  the  stress  in  the  walls  was  only  insignificant. 

During  the  seasonal  freezing  of  on  active  layer,  the  forces  due  to 
swelling  destroyed  the  concrete  foundations  for  the  construction  of  the  admi¬ 
nistration  building  at  the  Gvardeyskiy  Square  of  the  oity  of  Noril'sk.  The 
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construction  of  tho  building  v.-as  discontinued  following  the  erection  of  the 
foundations  on  rocky  grounds  and  the  digging  of  trenches  under  tho  channel 
for  communications.  Three  years  later,  upon  the  renewal  of  the  work  it  was 
found  that  the  axes  afad  the  narks  for  the  top  of  tho  foundations  were  dis¬ 
placed.  Vfith  those  foundations  uncovered  it  was  established  that  the  forces 
duo  to  swelling  broke  tho  concrete  foundation  columns  (mostly  along  the  con¬ 
creted  seams),  raised  them  by  10-15  cm,  and  moved  them  aside. 

A  particularly  pronounced  action  of  the  forces  duo  to  swelling  on  the 
deformation  of  buildings  can  be  obsorvod  in  tho  building  for  cleaning  purposes, 
Tho  construction  of  this  building  began  in  1950.  The  construction  of  the 
building  was  temporarily  discontinued  following  the  erection  of  the  o areas c 
whoso  colix.ins  on  ono  side  rooted  on  a  rock  and,  on  the  other  side,  on  a  suppor* 
ting  wall.  Upon  resuming  the  work  several  years  later  it  was  discovered  that 
the  supporting  v.all  was  displaced  to  a  considerable  extent.  Craok  appeared 
on  both  tho  wall  and  on  the  oolumns  of  the  carcass  (Fig.  19) 


Fig.  19.  Deformation  of  the  supporting  wall  of  the 
building  for  cleaning  purposes. 

To  prevent  the  building  from  collapsing  it  was  necessary  to  replace  the 
swollen  grounds  won  non-swollen  soil  along  the  entire  supporting . wall ,  to  con¬ 
vert  into  monoliths  the  precast  reinforced  concrete  coversinsido  the  building, 
and  to  transfer  the  oross-ties  to  the  reinforced  concrete  reservoirs. 
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Different  methods  con  bo  recommended  for  avoiding  the  injurous  effects 
caused  by  the  seasonal  f roe zinc  of  swollen  soil  above  the  rocks  which  affect 
the  durability  of  the  supporting  structures  of  a  building.  One  of  those  may 
bo  tho  partial  or  complete  replacement  of  tho  layer  of  swollen  soil  above  the 
rock  with  a  non- swollen  layer.  At  times  it  is  moro  advisable  to  increase 
correspondingly  the  strength  or  the  durability  of  the  structures;  in  many 
cases,  however,  no  data  is  availablo  for  determining  the  horizontal  forces  duo 
to  swelling. 

In  designing  buildings  to  bo  erected  on  a  deeply  (from  10  to  25  meters) 
submerged  base,  the  zero-cycle  of  work  reaches  up  to  30%  of  the  cost  of  the 
building  and,  thcroforo,  it  is  advisable  to  incroaso  to  a  maximum  the  building 
spans.  A  widespread  network  of  foundations  makes  it  possible  to  use  to  a  full 
extent  the  supporting  capacity  of  rock  deposits  and  of  the  reinforced  concrete 
foundations  and  to  reduce  considerably  tho  volume  of  tho  excessively  labor- 
consuming  oxcavation  work.  It  should  be  stated  that  at  the  present  time  there 
re  still  unavailable  mechanisms  for  developing  frozen  grounds. 

The  spreading  of  tho  foundations  makes  it  necessary  to  use  speoifio 
solutions  for  tho  design.  As  an  example  is  the  solution  for  tho  design  of 
tho  building  of  a  block  of  chops  (Fig.  20)  in  Kayyerkan  (district  of  Uoril'sk). 
.'ho  building  of  the  block  of  shops  is  buing  built  on  a  section  having  a  rocky 
base  deposited  to  a  depth  of  15-18  meters.  The  use  as  a  base  of  tho  thick 
layer  of  grounds  aoovo  the  rocks  in  accordance  with  tho  method  of  retaining 
their  permanently  frozen  state  turned  out  to  bo  unprofitable,  because  it  would 
make  it  necessary  to  build  a  ventilated  basement.  under  the  building.  The 
loads  caused  by  tho  25-ton  trucks  and  excavators  aro  so  large  that  the  volume 
of  work  roquirod  for  building  a  ceiling  over  the  ventilated  basemont  would 
havo  increased  considerably  tho  total  cost  of  the  building.  In  order  to 
reduce  tho  volume  of  the  labor-consuming  and  expensive  work  in  excavating  tho 
foundation  pits,  the  building  was  designed  with  the  foundation  spaoings 
enlarged  to  18  meters. 

Suvh  on  usual  spacing  of  the  foundations  was  made  possible  by  the  use 
of  unusual  solutions  for  tho  supporting  and  enclosing  structures  of  the  buil¬ 
ding.  The  roof  of  the'  building  was  designed  with  solf- supporting,  pre-shrunk 
panels  with  aluminum-alloy  covers.  The  carcass  columns,  just  as  the  foun¬ 
dations,  arc  made  of  reinforced  concrete  monoliths  with  a  spacing  of  18  meters. 
The  booms  carrying  the  load  from  the  walls  are  made  in  form  of  cantilever 
beams  which  made  it  possiblo  to  roduco  tho  bending  moment  in  the  spans.  At 
this,  these  beams  servo  also  as  supporting  walls  of  the  ventilation  ohannels. 
The  latticed  metal  beams  under  the  cranes  have  a  pan  of  18  meters. 

Such  a  solution  in  designing  the  supporting  and  enclosing  structures 
made  it  possible  to  reduce  considerably  the  oost  and  the  labor  spent  in  croc- 
ting  the  building  and  to  fully  utilize  the  supporting  capacity  of  the  rocky 
base  of  of  the  reinforced  concrete  structures  of  the  foundations  and  carcass. 
Tho  defect  of  such  a  solution  is  tho  larger  volume  of  monolithic  conoreto  duo 
to  the  wider  spacing  of  the  building  foundations. 

..  similar  solution  vra.s  adopted  for  soveral  buildings  under  construction 
on  deeply  deposited  rocky  bases.  For  examplo,  a  12-motor  foundation  spacing 
and  a  52-mcter  enclosing  spaa  was  adoptod  for  a  garage  "with  108  buses;  a  12- 
metor  foundation  spacing  was  adopted  for  enlarging  the  anodizing  department  of 
the  nickel  plant,  etc. 
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Fig.  20.  Locating  a  complex  of  mining  enterprises  into  a  single  building, 
a)  plan  on  the  +  0.0  mark;  1)  parking  spaoc  for  48  11AZ-525  motor  vehicles; 

2;  shod  for  repairing  excavators  and  drilling  rigs;  3)  forging  and  welding 
department;  4)  electric  repairing  with  machine  tools  and  handwork#  <  5) 
transformer  substation  Ko  2;  6)  general  service  combine;  7)  transformer 

substation  Ho  1;  8)  oil  storage,  b)  soction  along  2-2;  o)  seotion  along  1-1. 


Floor  and  basement  communications 

Assured  durability  of  the  building's  supporting  structures  installed 
on  a  rocky  base  does  not  yet  solvo  all  problems  connected  with  the  future 
normal  use  of  the  building.  Specifically  required  for  the  regions  of  per¬ 
manently  frozen  grounds  is  the  construction  of  floors,  foundations  under  the 
equipment,  ventilation  ohannels,  and  of  engineering  networks. 

The  rocky  surfaoo  within  the  boundaries  of  tho  building  are  frequently 
covered  by  permanently  frozen  graounds  whiejj.  in  certain  cases  are  deposited 
to  a  depth  of  20-25  meters.  Under  a  heated  building,  such  grounds  arc  in¬ 
evitably  subjected  to  thawing.  An  irregular  sagging  and  destroyed  floors  come 
as  a  result,  depending  on'  the  irregular  thermal  effect  of  tho  communications, 
..omperaturo  and  moisture  conditions  in  the  buildings,  add  on  the  topography 
of  tho  surfaoe  of  the  rocks.  Destruction  of  the  inside  engineering  communi¬ 
cations  also  takes  plaoe  in  certain  cases. 


34  - 


I 


I 


In  planning  to  oroot  tho  tho  oloctrolytio  shop  of  the  nickel  plant  on  a 
site  v.-horo  tho  layor  of  pormanently-f rozen  grounds  covering  the  rock  variod  in 
thic. arose  from  5  to  20  motors,  in  view  of  tho  inavoidablo  large  quantities  of 
warn  ’toclino logical  waters "  (solutions)  falling  on  tho  floor  of  tho  cleaning 
department,  tho  area  marked  for  the  floor  was  provided  with  a  reinforood  con¬ 
crete  covor  resting  on  foundations  orcctod  on  a  rocky  base.  On  the  cover  was 
installod  light-weight  equipment  and  intershop  engineering  networks.  Tho  heavy 
toclmological  oquipment  was  installod  on  foundations  erectod  on  tho  rock. 

In  the  electrolytic  dopartmont,  where  the  rock  deposits  reaohod  a  dopth 
of  12-13  motors  from  the  floor  lovcl,  tho  falling  of  warm  technological  waters 
was  aesunod  to  bo  only  incidental,  therefore,  use  was  made  of  asphalt  floors 
covering  a  layor  of  concreto  laid  out  on  tho  ground.  Ventilation  ohannels 
for  supplying  warm  air  were  installod  in  the  floor  along  the  entire  shop. 

In  order  to  prevent  tho  deformation  of  the  outdoor  engineering  net¬ 
works,  a  reinforcod  concroto  ohannol  resting  on  .the  foundation  cantilevers  of 
the  building  was  provided  by  tho  design.  The  foundations  for  the  light  and 
auxiliary  oquipment  (ventilators,  pumps,  etc.)  were  installod  on  tho  perma¬ 
nently-frozen  grounds  covoring  tho  rock.  In  oaso  of  sagging  duo  to  thawed 
ground,  Provision  was  made  for  a  subsequent  leveling  of  the  equipment  after 
tho  deformation  of  tho  foundations  is  ended.  A  special  solution  was  adopted 
for  tho  problem  connected  with  the  installation  of  the  reinforcod  conorote 
oloctrolytio  baths.  Their  installation  dirootly  on  tho  rocks  would  have  requi¬ 
red  largo  capital  oxpondituros  and  extremely  tine-and-labor  consuming  construc¬ 
tion.  Tho  planning  took  under  consideration  thro©  basic  versions. 

1.  Baths  installed  on  separately  located  foundations  erooted  on  a 
rooty  baso. 

2.  Foundations  resting  on  the  pormanently-frozen  ground  covering  tho 
rocks,  diiico  it  was  nocossary  to  hold  tho  baths  on  a  same  level  and  to  koop 
the  sides  in  a  strioktly  horizontal  position,  and  also  to  provide  the  baths 
with  connections  to  the  communications,  it  was  planned  to  install  pads  under 
tho  baths  which  would  make  it  possible  to  raise  and  level  them  easily. 

3.  Construction  of  baths  on  3-pivot  reinforced  oonorete  arches 
rooting  on  the  foundations  of  the  building  (Fig.  21). 

Tho  third  vorsion  was  choson  as  the  most  economical  and  the  one 
which  avoids  sagging  during  tho  thawing  of  the  layer  of  grounds  above  tho  rook. 
Tho  shop  bogon  its  operations  in  1043  and,  as  early  as  one  year  lator,  the  sag¬ 
ging  of  the  floors  was  so  extensive  that  it  put  out  of  order  tho  ventilation 
system,  the  channels  for  draining  the  water,  and  other  communications  instal¬ 
led  in  the  floor.  Tho  foundations  of  tho  ventilation  chambers  and  f or_tha~ 
fans  sagged  by  up  to  1  meter;  it  destroyed  tho  chambers  which  were  rebuilt  by 
installing  them  on  the  existing  foundations  of  tho  building  (Fig.  22). 

During  the  following  yoars  tho  floors  and  communications  had  to  bo 
repeatedly  rostorod,  but  at  tho  expiration  of  a  short  operating  period  they 
v.-oro  again  destroyed.  To  assure  a  normal  use  of  tho  building,  there  wore 
dcsignod  overhead  structures  of  reinforced  concroto  to  support  the  oquipnont, 
channels,  floors,  and  communications. 

Lator,  in  designing  buildings  on  deeply  deposited  rooky  bases,  the 
floors  and  communications  were  suspended  on  supporting  structures  resting  on 
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.a  rocky  baso.  In  this  case,  a  continuous  reinforced,  concrete  cover  can  bo  in¬ 
stalled  wherovor  necessary  to  support  the  light-weight  equipment  and  communi¬ 
cations.  To  tho  cover  are  suspondoa  the  channels  and  the  pipes.  For  oxampie, 
a  continuous  roinforcod  conorete  covor  was  designed  for  the  right  span  of 
the  plant  making  reinforced  conorete  products.  (Fig.  23). 


Fig.  21.  llickol  electrolytic  shop.  Sectional  view  of 
electrolytic  dopartuent 

1)  original  version  of  installing  the  baths;  2)  the 
effected  construction  (the  oloctrolytic  baths  installed 
on  concrete  3-pivot  arches  resting  on  main  foundations); 
5)  concrete-filled  foundations. 


There  is,  however,  no  need  for  oxccssivo  expenditures  on  sections  where 
the  sagging  of  floors  does  not  disrupt  the  tochnologicnl  process.  In  such  a 
case  it  is  sufficient  to  prevent  the  sagging  of  individual  foundations  undor 
the  equipment  end  communications  by  installing  tho  latter  on  structures 
erected  on  a  rocly  base.  As  an  oxoimle  is  the  solution  for  tho  loft  span  of 
the  same  building  of  tho  plant: for  reinforced  concrete  products.  Tho  erection 
of  all  equipment-foundations  directly  on  a  deeply-deposited  (10-15  meters) 
roclry  baso  proved  to  be  economically  expedient.  I'ore  economical  proved  to  bo 
tho  structure  in  fom  of  a  lateral  cross  bar  resting  on  tho  foundations  of  the 
building  and  of  specially  eroctod  row  of  columnar  foundation  in  tho  middle. 
Located  on  the  cross  bar  are  the  foundations  under  the  units,  the  underground 
channels,  and  communications.  The  floor  is  made  of  assembled  platos  which  can 
be  roo.dily  relaid  after  extensive  irregular  saggings  with  the  aid  of  the 
bridge  crane  serving  tho  span.  On  the  foundations  of  tho  building  is  also  sus¬ 
pended  the  outdoor  chennol-heador  in  which  are  laid  out  the  warm- water,  elec¬ 
trical  communication,  and  soqage  pipes. 

In  unheated  buildings  where  the  floors  are  usually  laid  on  the  ground, 
a  pad  of  large  pieces  of  gravel  is  built  only  for  silty  and  ice-filled  grounds 
cox'cring  a  rock;  on  such  grounds  tho  principal  communications  are  laid  in  a 
through  or  seni-through  re inf dreed  concrete  channel,  while  tho  auxiliary  com¬ 
munications  are  attached  to  the  walls,  as  high  as  possible  from  the  floor. 

As  an  example  is  the  construction  of  tho  intershop  heated  sanitation  comp art- 
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mcnt  (toilets,  otc)  in.  tho  urihoatcd  building  of  the  shop.  The  floor  of  the 
sanitation  compartment  is  raised  by  0.5  motors  above  the  floor  of  the  oold 
building.  This  makes  it  possible  to  reduce  the  effect  of  the  heat  froir.  the 
plnco  on  tho  base  of  the  shop's  floors  and  to  attaoh  the  sotjage  pipes  to  the 
building's  iralls  abovo  the  floors  of  the  shop  (Fig.  24). 


Fig.  22.  Ventilation  room  of  nickel  eleotrolyting  shop 
1)  in  plan;  2)  section  along  1-1;  o)  section  along  2-2;  4)  up  to 
ono  motor  sagging;  5)  foundation;  6)  frozen  ground;  a)  prior  to 
construction  (vontilation  rooms  and  units  on  foundations  erected  on 
frozon  grounds);  b)  after  construction  (ventilation  rooms  and  units 
installed  on  reinforced  concrete  covers). 


Fig.  23.  Plant  for  reinforced  concrete  products.  Overhead  floors. 
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Fig.  24.  Sanitary  compartment  inside  the  shop 
a)  sectional  viov/  along  1-1;  b)  elan;  1}  reinforced  ooncrete  cover; 

2 j  bean;  5)  tunnels  for  pipes;  4*)  sev/age  pipe  (attaohed  to  the  vra.ll; 

5)  rock;  G)  floor  of  sanitation  compartment;  7)  floor  of  the  shop. 

The  construction  of  a  roinforced  concrete  passage  for  the  principal 
communications  requires  largo  expenditures.  In  certain  cases  the  rrarm-vrater 
and  electrical  communications  should  bo  arranged  along  the  vralls  of  the  buil¬ 
ding  or  suspended  to  the  ceilings  and  areas  betv/oon  ths?  stories  and  the  sev/age 
pipes  should  be  laid  under  the  ground  on  supporting  beams  resting  on  the  foun¬ 
dation  brackets.  It. is  recomnonded  to  hold  the  sevrage  pools  also  the  oanti- 
lovcrs  of  the  building's  foundation  and,  in  certain  cases,  on  permanently 
frozen  grounds  by  installing  a  pad  of  clay  and  conorete.  The  openings  in  the 
vralls  of  the  pools  for  the  sevrage  pipes  should  be  made  large  and  closed  by 
thin  iron  sheets  or  boards  to  enable  the  pool  to  deform  freely  without  affec¬ 
ting  the  sevrage  system  (Fig.  25). 


Fig.  25.-  Sevrage  pipe  installed  on  cantilevers 

I)  for  inspection;  2)  clay-conorcte  bottom  of  pobl;  3)  rook;  4)  rein¬ 
forced  concrete  cantilever;  5)  sewage  pipej  150-300  ram  in  diameter; 

J)  supporting  bar;  7)  reinforced  concrete  beam. 
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/or  building  nondefoming  floors  on  a  lcyer  of  medium  thickness  (up  to 
d-3  motors)  of  pemanontly-frozcn  grounds  covering  a  rook,  it  is  advisable 
to  replaco  ouch  grounds  with  thos  which  arc  made  up  of  large  pieces  which  con 
olininato  sagging  when  thawod.  In  this  manner  are  built  the  floors  in  certain 
buildings  of  iloril'sk  metallurgical  and  orc-concontration  plants.  In  this 
caoo.  The  warm-water  pipoo  and  the  cable  networks  can  be  laid  on  a  layer  of 
of  grounds  replacing  those  which  covcrod  the  rock. 

In  building  tho  first  and  second  objocts  of  the  Iloril'sk  T3Ts,  the 
floors  wero  laid  on  replaced  grounds.  In  building  tho  third  and  fourth  objects, 
the  layer  was  oxcoodod  by  3-4  meters  and  the  floors  were  laid  along  a  roinfor-, 
cod  concroto  span  resting  on  foundations  orocted  on  the  rook  undor  the  layer. 


3.  Buildings  eroctod  on  thawing  grounds 

There  is  no  difference  be tire on  beds  of  ordinary  grounds  and  those  that 
aro  subjected  to  tliawing  and,  thoroforo,  the  design  used  for  erecting  Iloril'sk 
buildings  on  thawing  bods  wore  tho  sano  as  used  in  tho  central  belt  of  the 
country.  It  should  be  mentioned,  however,  that  deformation  was  observed  in 
certaiia  buildings  which  made  the  operations  difficult  and  made  it  necessary 
to  repair  and  restore  the  buildings.  As  an  example  is  the  deformation  of  the 
auxiliary  buildings  of  the  coke  and  chemical  plant.  Due  to  the  limited  area 
occupied  by  tho  grounds  with  thawing  bods,  certain  auxiliary  buildings  had  to 
be  located  at  borderline  of  .tho  thawing  grounds. 

It  should  bo  noted  that  it  is  very  difficult  to  determine  the  natural 
boundary  bet- .con  the  bods  of  tho  thawing  and  pomonontly-f ro zen  grounds.  Also, 
the  place  where  thst-  two  types  of  soil  join  each  other  is  usually  characterized 
by  th-  thawing  grounds  containing  inclusions  of  frozen  grounds,  and  vice  versa, 
thawing  inclusions  in  pomoacntly-frozcn  coil.  The  transition  from  thawing 
to  permanently-frozen  grounds  is  formed  over  a  distance  of  several  meters  of 
mixed  (  '.-.awing  and  frozen)  grounds.  The  exploitation  of  a  structure  may 
change  the  boundary  of  the  thawing  beds.  The  latter  does  not  make  it  possible 
to  dotemine  the  boundary  lino  botwocn  the  thawing  and  permanently-frozen  beds 
with  a  precision  required  for  arranging  a  joint  for  sagging. 

Holoitation  of  tho  plant,  ospooially  of  the  warm-water  communications, 
affected  tho  contours  of  the  grounds  with  thawing  bods.  Tho  thawing  of  the 
grounds  along  the  communications  extended  to  the  beds  of  the  mentioned  buil¬ 
dings  and  resulted  in  sagging  foundations  and  deformed  buildings.  Damaged 
engineering  communications  caused  tho  permanently-frozen  grounds  to  thaw  at 
the  zone  where  they  join  the  thawing  grounds.  The  deformation  of  the  commu¬ 
nications  took  place  mostly  at  the  boundaries  where  the  thawing  grounds  join 
tho  permanently-frozen  onos. 

Tho  main  buildings  of  the  plant  which  were  erected  on  thawing  grounds 
mostly  on  belt-type  foundations,  whose  walls  and  ceilings  aro  of  the  conven¬ 
tional  design,  are  in  operation  for  many  years  and  do  not  show  signs  of  sub- 

stantional  deformations. 

The  spocific  feature  of  grounds  with  thawing  beds  ire  the  tiny  islands 
of  pcrr-.ancr.tly-frozen  grounds  found  occasionally  in  the  midst  of  the  thawing 
grounds,  -which  are  difficult  to  find  during  enginoeri  ng-geologioal  explo¬ 
rations.  In  Iloril'sk,  in  the  district  of  the  October  street,  there  is  a  large 
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•soction  containing  grounds  vdth  thawing  beds  on  T.'hich  are  located  several 
multi-story  stone  buildings,  including  an  hotel,  room  for  sports,  etc. 

The  Buildings  wore  constructed  vdth  horded  basements  on  bolt-typo  of 
foundations,  i,  e.,  their  design  lid  no L  diffor  at  all  from  that  of  tho  buil¬ 
dings  erected  in  tho  central  belt  of  the  country.  No  substantial  doforaations 
have  been  found  during  tiro  period  of  exploitation.  However,  certain  buildings 
locate'’  on  tho  same  section  did  experience  saggings  caused  by  tho  thavdng  of 
tho  tiny  islands  of  permanently-.' ro sen  grounds. 

In  tho  public  homo  sagging  effected  a  corner  which  sagged  irregularly 
by  about  10  ccntimo tors.  The  cro.c’;  was  ropairod  and  furthor  saggings  have 
stopped.  The  deformation  had  for  its  cause  the  prcsonco  in  the  midst  of  the 
thawing  grounds  of  sheots  of  ico-filled  permanently-frozen  grounds.  This 
layer  had  thawed  during  the  exploitation  of  the  building  and  ground  becoming 
more  donso  caused  the  comer  to  sag. 

In  the  4- story  school  building  built  in  1957  and  located  in  tho  some 
district,  through  cracks  woro  formed  in  1959  which  pointed  to  the  sagging  of 
the  southeastern  comor  of  tho  building.  Upon  vine ovo ring  the  ground  it  was 
found  that  the  bod  on  a  soction  extending  about  10  meters  had  saggod  conside¬ 
rably.  A  space  of  50-G0  centimeters  in  hoight  was  formed  bo two  on  tho  bottom 
of  the  foundation  and  tho  bod.  Of  interest  is  the  fact  that  tho  foundations 
did  not  sag  simultaneously  with  tho  bod,  because  the  walls  and  tho  concroto  of 
tho  supporting  walls  wore  laid  during  tho  summer  and  had  sufficient  strength 
to  support  tho  weight  of  part  of  tho  building. 

The  collapse  of  the  building  was  prevented  by  filling  the  empty  spaco 
under  the  bottom  of  the  foundations  with  concrete  under  pressure  and  hoatod 
electrically.  Tho  volume  of  tho  empty  space  under  the  foundation  exceeded 
10  cubic  moters.  The  cause  of  the  building's  deformation  -.ms  tho  presence  in 
midst  of  the  thawing  grounds  of  a  tiny  island  mado  up  of  ico-filled  permanently 
frozen  grounds. 

Lator,  in  designing  buildings  to  be  erected  on  thawing  grounds,  the 
following  solutions  wore  adhered  to: 

a)  location  of  buildings  on  grounds  consisting  of  partly  thavdng  and 
permanently-frozen  soils  was  avoided  evon  whon  provided  vdth  sag-proof  joints, 
if  the  thavdng  of  the  pcmanontly-frozon  grounds  could  cause  a  large  sagging; 

b)  consideration  was  given  to  a  certain  possible  change  in  the  thawing 
contour  caused  by  the  subsequent  exploitation  of  tho  structures;  in  erecting 
buildings  on  grounds  remaining  in  a  permanently-frozen  state  and  adjoining  a 
zone  to  be  filled  vdth  buildings  on  thavdng  beds,  steps  were  taken  to  protect 
the  permanently-frozen  grounds  from  tho  thermal  effect  (for  example,  from  the 
warn  water  thrown  on  the  surface  as  waste,  vmrm- water  communications ,  etc.) 
of  the  buildings  and  communications  located  in  an  area  with  thavdng  beds. 


4,  Buildings  erected  on  preliminarily  thawed  beds 

Preliminary  thawhing  of  pornanontly-f rozen  grounds  is  mostly  used  on 
experimental  sections.  In  Noril'sk,  the  thawing  of  permanently-frozon  grounds 
vas  performed  in  la "go  volumes  to  help  their  development  during  the  digging  of 
foundation  pits,  trenches,  and  for  a  vortical  layout.  In  building  the  eleotro- 
1^  <s  shop,  for  example,  a  territory  of  about  5,000  sq.  meters  was  warmed  up  at 
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t’.io  3ano  time  to  a  dopth  of  5-6  motors.  The  boating  was  mostly  done  either 
oloctrioally  or  by  steam. 

Tho  f Lno-grainod,  ioo-fillod  soil  wore  converted  upon  thawing  into  silt 
and  occasionally  into  pulp  (when  thawed  by  electric  heating)  and  were  bailed 
out  from  tho  pits  with  the  aid  of  pails  or  buokets.  The  supporting  oapaoity 
boc  vno  either  insignificant  or  eHual  to  Eero.  On  »uoh  a  preliminarily  thawed 
section,  ovon  if  dried  to  increase  the  supporting  oapaoity  of  the  ground  on 
which  to  erect  a  building,  the  smallest  degree  of  thawing  oausod  by  the  ex¬ 
ploitation  of  the  building  will  deprive  the  bed  of  its  supporting  oapaoity  and 
will  deform  the  building. 

i-Vidently,  only  grounds  consisting  of  sand  and  gravel  (large-skeleton 
typo)  are  fit  for  preliminary  thawing.  In  suoh  a  case  it  is  still  neoessary 
to  tako  into  account  that,  in  ca3©  of  considerable  saturation  with  ioe,  the 
thawing  may  not  be  simultaneously  accompanied  with  an  inorease  in  the  density 
of  tho  bods  and,  later,  the  pressure  of  the  building  may  oauae  the  bed  to  sag 
extensively. 

In  Noril’sk,  there  wa3  no  previous  experience  with  buildings  speoially 
dosignod  by  the  method  of  preliminary  thawing  of  permafrost  grounds.  Several 
buildings  hevo  been  designed  and  erooted  on  suoh  grounds.  For  example,  the 
oil-roovory  shop  of  the  Noril*sk  petroleum  base  was  designed  in  aooordance  with 
tho  method  of  retaining  the  permafrost  state  of  the  grounds.  The  presence  of 
a  t  i  po--:oy  oil -recovery  sliop  at  tho  potroleum  baso  made  it  possible  to  delay 
for  :-,vo ral  yoars  the  building  of  a  permanent  shop.  In  starting  the  digging 
of  tho  foundation  pits  for  a  pemanont  building  it  was  found  that  the  ground 
ha d  thawed  to  a  dopth  of  10-15  motors  due  to  the  effect  of  the  heat  dissipated 
by  t:^  adjoining  temporary  building  and  by  the  outdoor  hot-water  pipes.  The 
restoration  of  tho  permafrost  state  of  the  grounds  required  a  prolonged  period 
of  time  and  major  work  for  rebuilding  tho  hot-water  communications,  Beoause 
it.  wuc  noo93sary  to  shorten  tho  construction  time,  tho  design  was  ohanged  and 
tho  building  was  ereoted  on  preliminarily  thawed  grounds.  However,  the  uncer¬ 
tainty  of  obtaining  of  completely  thawed  and  compressed  grounds  over  the 
entire  area  of  tho  building  and  the  lack  of  experience  in  designing  and  ex¬ 
ploitation  of  buildings  ereoted  on  preliminarily  thawed  grounds  foroed  tho 
dosignors  to  proceed  with  caution.  As  a  result,  the  design  aimed  to  make  the 
building  durable  and  to  provide  normal  exploitation  conditions  with  the  ground 
sagging  irregularly  to  a  depth  of  up  to  25-50  centimeters  (Fig.  26). 

Tho  basio  solutions  provided  by  the  design  were  based  on  foundations 
installed  below  the  affected  layer  composed  of  swollen  grounds  to  a  minimum 
depth  of  3  motors.  In  view  of  the  insignificant  pressure  exerted  by  a  one- 
story  building,  use  was  made  of  columnar  foundations  with  monolithic  beams, 
which  togethor  with  the  wall  should  provide  a  longitudinal  rigidity  for  the 
building  on  the  section  between  the  sagging  joints. 

To  prevent  possible  horizontal  displacements  of  foundations  and  beams, 
the  foundations  are  oonneoted  to  the  beams  by  reinforoing  fixtures,  while  the 
boons  aro  oonneoted  with  the  continuous  reinforoed  oonorete  plate  of  the  floor 
located  on  a  fill  of  rook  pieoes  of  1-1,2  meters  in  depth.  The  noed  of  the 
roinforcod  oonorete  plate  and  of  waterproofing  is  due  to  the  neoessity  of 
reducing  the  irregular  sagging  of  the  floor,  beoause  during  the  exploitation 
tho  constant  washing  of  the  floors  with  oold  water  may  result  on  water  streams* 
The  connection  of  the  floor  plutes  to  the  beams  makes  it  possible  to  assure 
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an  horizontal  tie  for  different  saggings  of  the  foundations  and  beams;  it  will 
bo  retained  even  when  craoka  are  formed  in  the  plate  at  the  plaoe  when  it  is 
joined  to  the  beam,  because  the  reinforoing  fixtures  of  the  plate  enter  into 
the  beam*  The  monolithio  reinforced  concrete  orosspieoes  above  the  windows 
serve  simultaneously  as  a  belt  of  reinforced  oonorete  whioh  increases  the 
rigidity-  of  the  walls  on  the  sections  between  the  sagging  joints.  The  top  of 
the  walls  is  jointed  with  the  oeiling  whioh  limits  the  possibility  of  their 
deviation  from  the  vertioal  axis. 


Fig.  23.  The  oil-recovery  shop 
f)  .  ’ginal  version;  b)  version  used  for  construction. 

The  short  period  of  exploitation  of  the  building  is  insufficient  for 
disolosing  the  weak  places  and  to  offer  any  recommendations  for  their  elimi¬ 
nation,  the  more  so,  beoause  the  solutions  contained  in  the  design  are  to  a 
large  extent  foroed  ones  due  to  the  previously  oonstruoted  part  of  the  foun¬ 
dations,  the  technology  and  the  overall  dimensions  of  the  building. 

Tho  defeot  of  suoh  a  solution  is  the  low  spatial  rigidity  of  the  buil¬ 
ding,  whioh  was  later  taken  into  aooount  in  designing  building  of  similar  type, 
the  dissolving  unit,  for  example. 

The  dissolving  unit  for  making  use  of  the  ashes  present  at  the  TETs 
for  construction  purposes  is  looated  at  a  plaoe  used  for  pipes  oarrying  the 
ash-removing  water.  Teohnologioally,  the  pulp  from  the  ash-removing  water 
passes  to  the  oonoentrating  department  of  the  dissolving  unit.  Then,  the  water 
which  was  previously  wasted,  is  returned  back  to  the  TETs,  while  the  oonoen- 
trated  ash  mixture  is  used  as  a  raw  material  by  enterprises  of  the  building 
matorials  industry.  This  made  it  neoessary  to  looate  the  building  on  an  area 
where,  due  to  the  effeot  of  the  neighboring  structures,  the  bulk  of  the  perma¬ 
frost  grounds  becomes  thawed  to  a  considerable  extent.  According  to  an  engi¬ 
neering-geological  oonolusion,  the  cogging  irregularity  may  reaoh  60  am. 
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Pig.  27.  Dissolving  unit  for  ashes  from  TBTs 
a)  lateral  seotion;  b)  top  view  of  supporting  plate 

The  building  was  designed  to  allow  for  plastic  deformation  of  bed  and 
by  taking  into  aooount  the  possibility  of  formation  of  zones  of  zero-reaotions. 
Tho  area  to  bo  built  up  was  filled  with  pieces  of  rook  to  a  height  of  1,1.5 
meters  (Fig.  27).  The  fill  was  oovored  with  a  oorrugated  plate  of  reinforced 
oonorete,  in  form  of  a  plate  on  two  supports  to  take  oare  of  possible  sagging 
of  tho  bed  under  the  middle  seotion,  and  in  form  of  a  cantilever  to  take  oare 
of  the  irrogular  sagging  of  one  of  the  outside  seotion  of  the  bed.  The  plate 
has  a  rigid  spatial  frame  reaohing  the  marks  of  the  oovers  on  which  is  instal¬ 
led  the  heavy  technologies  equipment.  Above  that  are  located  the  rooms 
enolosod  by  light-weight  walls  made  of  oement-fibrolite  plates. 

This  design  assured  stability  for  the  building  when  deviating  from  the 
vortical  axis  due  to  the  irregular  sagging  of  the  extreme  end  of  the  seotion. 

In  caso  sagging  of  the  building,  provisions  are  made  to  be  able  to  level 
individual  units  to  set  them  in  horizontal  position  and,  for  this  purpose,  the 
anchor  bolts  are  made  longer  and  metal  wedges  are  set  under  the  supporting 
frames.  This  provides  normal  exploitation  conditions  for  both  the  building 
and  tho  equipment. 
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5.  Buildings  ereoted  on  permafrost  grounds  by 
into  aooount  their  subsequent  thawing 

The  sagging  of  buildings  due  to  oompressed  ground  is  an  ordinary  pheno- 
monom  in  all  regions  of  the  country  and  such  saggings  usually  do  not  exceed 
several  centimeters .  Entirely  different  is  the  nature  of  the  phenomena  when 
the  thawing  of  ice-filled  permafrost  grounds  makes  them  sag  by  tens  of  centi¬ 
me  tors.  Hero,  the  sagging  irregularity  depends  not  on  the  pressure  difference 
on  the  ground,  but  on  the  depth  of  thawed  beds  under  the  foundation. 

The  designing  of  buildings  in  accordnnoe  with  the  method  of  subsequent 
thawing  of  the  grounds  began  as  early  as  in  1939-1940.  These  included  the 
complex  of  shops  of  the  meohanioal  plant,  the  oentral  motor-vehicle  base,  eto. 
Tho  technical  solutions  provided  by  the  designs  of  these  buildings  and  the 
individual  defects  disolosed  by  their  exploitation  are  described  below. 

According  to  the  data  of  the  engineering-geological  explorations  of 
the  construction  sites  of  the  mechanical  plant  it  was  assumed., that,  irrespec¬ 
tive  of  the  pressures  on  the  ground,  the  thawing  of  tho  beds  will  make  the 
foundations  sag  by  30  oentimeters  and  the  irregularity  of  tha  saggins  will 
roach  up  to  15  oentimeters.  The  plant  buildings  had  to  be  filled  with  heavy 
technological  equipment  and  powerful  bridge  oranes.  This  meohanioal  plant  is 
already  built  and  its  buildings  are  normally  exploited  for  a  duration  of  15-18 
years.  This  was  aohieved  by  designing  a  oaroass  thut  assured  the  stability  of 
the  building  despite  the  considerable  shifting  of  individual  units. 

The  preoast  reinforoed  oonorete  oolumJy  were  rigidly  embedded  in  rein¬ 
forced  oonorete  footplates.  The  precast  reinforoed  oonorete  beams  rested  on 
footplates  or  on  the  braoketa  of  the  columns.  The  preoast  reinforoed  oonorete 
or  metal  plates  under  the  oranes  rested  on  tha  brackets  of  the  columns. 

The  onohor  bolts  on  br&okets  for  the  metal  plates  under  the  oranes 
had  an  elongated  protruding  part  which,  in  oase  of  sagging  oolumns,  made  it 
possible  to  raise  tho  plates  with  the  aid  of  metal  or  wooden  wedges. 

The  metal  girders  of  the  covers  have  hinged  supports  with  oval  ope¬ 
nings  in  tho  supporting  plate  to  allow  for  a  oertain  displacement  of  the  top 
of  the  oolumn  in  oase  of  sagging. 

In  designing  the  frame  structure  to  take  oare  of  the  loads  due  to 
tho  wind  and  the  oranes,  it  was  assumed  that  the  girders  serve  ae  an  hinged 
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connection  (deepito  the  possible  nobility  of  the  supports  due  to  the  oval  gaps 
in  the  supporting  plato),  because  the  friotional  foroe  by  the  bearing  reaotion 
of  tho  girdors  is  by  far  larger  than  the  obtained  in  this  oase  the  oaloulated 
forces  Hj  «nd  H2  (Fig.  28).  The  Hi  and  Hg  foroes  were  taken  into  aooount  in 
designing  tho  girders  because,  in  case  of  irregular  sagging  of  foundations,  the 
girders  restrict  the  top  of  the  oolumns  from  deviating  from  the  vertiool  axis 
and  allow  at  the  same  time  their  free  vertloal  sagging* 


Fig*  28.  Design  of  oareass  of  the  shop  for  metal  structures 
—  steady  and  temporary  loads  of  overhead  struoturej  Pv  and  P^) 
tho  load  duo  to  the  crane;  (Jv  and  c^,)  the  load  due  to  the  wind. 

Tho  design  of  the  equipment  foundations  took  into  aocount  the  possibi¬ 
lity  of  an  irregular  sagging;  this  modo  it  neoessary  to  calculate  their  def¬ 
lection  when  serving  as  beams  supported  in  two  places  (when  the  sagging 
affects  tho  middle  part  of  the  bed)  and  as  cantilever  beams  (when  the  sagging 
of  the  bed  is  at  tho  edge  of  the  foundations).  For  this,  it  was  neoessary  in 
many  casos  to  reinforoe  both  the  upper  and  lower  zones  of  the  foundations 
(Pig.  29). 

Tho  pipes  for  heating,  water,  sewage,  and  eleotrioal  oables  were  inst&l- 
lod  as  muoh  as  possible  higher  than  the  level  of  the  floor  and  were  attaohed 
on  flexible  hangers  to  the  oaroass  of  the  building. 


Fig.  29.  Design  of  foundation  for  large  equipment 

a)  thawing  of  the  middle  seotion;  b)  thawing  of  the  right 
section;  0)  thawing  of  the  left  seotion. 
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Tho  crane  tracks  were  secured  to  the  beam  in  a  manner  that  made  it 
possible  to  easily  adjust  them  vertically  and  horizontally  (Figs,  30  and  31), 
The  dosign  inoreased  tho  dimensions  from  the  head  of  the  orane  traok  to  the 
lower  belt  of  the  girders  and  from  the  axis  of  the  traok  to  the  faoet  of  the 
column,  on  the  assumption  that  thoro  may  be  irregular  saggings  and  defleotion 
of  tho  top  of  the  columns,  Tho  foundation  anohor  bolts  (for  the  equipment) 
were  made  10-15  centimeters  longer.  The  mortar  poured  under  the  machine  tools 
reached  the  bottom  of  the  frame,  which  made  it  possible  to  level  them  easily 
in  case  of  irregular  sagging  of  foundations.  The  dimensions  of  the  doors  and 
above  the  equipment  took  oare  of  the  magnitude  of  the  assumed  irregular  sag. 


Fig,  30,  Seouring  metal  beams 
under  the  orane  to  the  reinfor¬ 
ced  oonorete  columns .  1)  elon¬ 
gated  by  weldingj  2)  wooden  pad. 


Fig.  31,  Seouring  the  orane 
tracks  to  reinforced  con- 
orete  beams,  1)  wooden  wedge 
through  60  am;  2)  welded. 


The  experience  in  exploiting  the  buildings  of  the  plant  and  of  other 
buildings  disclosed  also  the  errors  made  in  designing  certain  units  and  struc¬ 
tures  because  the  special  features  of  ereoting  buildings  under  the  given  con¬ 
ditions  were  not  token  into  account;  this  made  it  necessary  to  rebuild  later 
certain  units  and  to  reinforce  the  structures. 

The  building  carcasses  built  in  accordance  with  the  method  of  subsequent 
thawing  become  more  frequently  destroyed  due  to  using  an  incorrect  m  ethod  of 
designing.  The  rigid  frame-type  of  reinforced  conorete  carcasses,  whioh  are 
economical  under  ordinary  conditions,  are  entirely  unfit  for  buildings  built 
in  aocordanoe  with  this  method. 

For  example,  one  of  the  buildings  of  a  small,  metallurgical  plant  (does 
not  exist  atthe  present  time)  built  in  1939-1940,  where  the  supporting  oaroass 
was  built  in  form  cf  a  single-span,  rigid,  frame  of  reinforced  concrete  was 
destroyed.  The  cause  of  the  destruction  v/as  a  local  th-wing  of  the  bed  of  the 
grounds  which  v/as  overlooked  during  the  use  of  the  building  and  whioh  caused 
an  irregular  sagging  of  the  foundations  by  a  mugnitude  much  larger  thrsn  the 
caloulated  sagging.  During  the  sagging,  oertain  foundations  not  only  shifted 
vertically,  but  also  turned  at  th«ir  foot,  (FijJ,  31a) j  this  was  oaused  by  tho 
irregularity  of  the  sagging  bed  over  the  area  of  the  foot  of  the  foundation. 

It  tore  off  the  foot  of  the  foundation  from  the  oolumn  and  formed  oracks  on 
the  outer  side  in  the  upper  part  of  the  oolumn  and  in  the  inner  side  where  the 
column  and  the  foot  were  joined  together. 

In  another  oarcass  frame,  the  one  looated  alongside,  the  saggings  of  the 
foundation  foot  ooourred  along  the  vertioal  line  and  the  oraoks  appeared  .at -the 
inner  side  of  the  oolumns  and  oroes  bar  at  the  oonneoting  joint  (Fig.  32b). 
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Pig.  32.  Damaged  reinforced  oonorete  o&ro&aa  frame  of  the 
building  of  the  Noril’sk  metallurgical  plant 
a)  deformation,  due  to  irregular  thawing  of  the  foundation 
foot;  b)  deformation  due  to  uniform  thawing  of  the  foun¬ 
dation  foot. 


Fig.  S3.  Types  of  reinforoed  oonorete  oaro&sses 
a)  monolithic  (rigid);  b)  assembled  (pliable). 


Of  oourse,  the  design  of  rigid  reinforoed  oonorete  frames  could  take 
into  account  larger  saggings  and  possible  rotation  of  the  foundation  foot,  but 
this  r.ould  increase  considerably  the  oost  of  oonstruotion.  Stability  for  the 
roinforcad  oonorete  oarcasses  oan  bo  obtained  by  designing  them  in  the  form  of 
separately  standing  oolumns  held  rigidly  in  the  foundation  shoes  with  hinge- 
connooted  oross  bars  (girders)  along  the  top  (Fig.  33). 

The  defect  of  pliable  ooroasses  is  that,  in  oase  of  a  single-span, 
lateral  arrangement,  an  irregular  sagging  of  the  bed  in  the  plane  of  the  foun¬ 
dation  bottom  may  result  simultaneously  in  defleotion  of  the  columns  from  the 
vortical  line  and  in  destruction  of  the  oaroass  when  the  foundation-bottom 
”akos  a  large  turn.  This,  however,  oan  be  avoided  by  constructing  horizontal 
"wind  connections"  along  the  belt  of  the  girders,  or  by  constructing  reinfor- 
cod  oonorete  roofs  oonnsoting  the  upper  parts  of  the  oolumns.  This  may  reduoe 
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tho  possibility  of  defleotions  by  individual  oolumns  without  reduoing  the 
possibility  of  vertioal  sagging. 

For  separately- atanding  oolumns  with  unoonneotod  tops,  the  lateral  def¬ 
lection  from  the  vertioal  axis  can  be  reduced  by  developing  to  a  maximum  the 
foundations  in  direction  of  the  effootive  seotion  of  the  column.  The  deflec¬ 
tion  of  the  oolumns  from  a  vertical  axis  in  longitudinal  direotion  oan  be 
avoided  by  constructing  braoes  in  the  plane  of  the  building’s  walla  (reinfor¬ 
ced  oonorete  beams,  through  belts  of  oroaspieoea,  braoea  along  the  top  of  the 
wall,  and  beams  under  the  orarne). 

In  designing  oaroasses  it  is  nocossary  to  take  into  aooont  the  possibi¬ 
lity  of  additional  forces  in  the  cross  bars  (girders)  whioh  appear  during 
irregular  saggings  of  the  bed  of  the  grounds.  To  a  larger  extent,  this  oonoems 
buildings  vdth  metal  oaroasses.  In  this  oase,  designing  of  rigid  oaroasses  by 
taking  into  aocount  the  possibility  of  sagging  requires  structures  whose 
weight  is  so  muoh  larger  that  their  application  beoomes  unworthwhile.  Attempt 
to  reduce  the  irregularity  of  the  saggings  by  using  a  rigid  oaroass  in  the 
plane  of  the  longitudinal  walls  (Fig,  34)  made  it  neoessaxy  in  many  oases  to 
reinforce  the  oaroasses  in  order  to  avoid  the  oollapse  of  the  building. 


Fig,  34.  types  of  metal  oaroasses 

a)  rigid  wall  oarcass  (oross  bars  and  oolumns  rigidly 
connected);  b)  pliable  oaroass  (with  hinge-oonneotion 
of  oross  bars  with  the  oolumns). 


For  buildings  with  metal  oaroasses  ereoted  on  beds  subjeot  to  large 
irregular  saggings  due  to  thawing,  it  is  necessary  to  use  oaroasses  of  the 
pliable  type  with  tho  girders  and  braoea  hinge-conneoted  to  the  oolumns.  In 
suoh  a  case,  it  is  sufficient  to  plaoe  one  rigid  insert  in  the  seotion  between, 
the  temperature  joints  whioh  will  assure  stability  of  the  walls  in  a  longitu¬ 
dinal  direotion.  For  this,  it  is  absolutely  neoess&ry  to  be  sure  that  the 
foundation  of  this  insert  is  rigid,  beoause  an  irregular  sagging  of  the  sup¬ 
ports  without  a  simultaneous  turn  of  planes  of  the  supports  may  destroy  the 
rigid  insert  and  tha  oaroass  of  the  building. 
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If  the  sagging  of  the  supports  (axes  3,  4,  5,  eto.  in  Pig*  34)  is  largo 
and  irregular,  this  mothod  will  assure  the  stability  of  the  oaroass  in  a  longi¬ 
tudinal  direction  and  the  horizontal  ties  will  help  to  a  considerable  extent 
to  retain  the  porallol  position  of  the  oolumns  after  their  sagging.  For  a 
foundation  sagging  of  the  same  irregularity,  an  inoreased  distanoe  between  the 
rov/3  1  and  2  of  tho  insert  will  reduce  the  deflection  of  the  building's  oolumns 
from  the  vortioal  axis. 

■Vith  a  multi-span  pattern  it  is  advisable  to  assure  the  stability  of 
tho  motal  oaroass  of  tho  building  by  haring  a  rigid  span  and,  for  large  spans, 
by  constructing  a  single  row  of  oolumns  with  foundations  developed  in  the 
dirootion  of  the  lateral  axes  and  hinge- oonneoted  oolumns  and  oross  bars.  In 
designing  oaroassed  buildings,  the  use  of  these  recommendations  will  assure  the 
stability  of  the  oaroasses  and  a  minimum  deflection  from  the  vertioal  axis)  it 
will  retain  the  external  appearance  and  the  exploitation  conditions  for  a  buil¬ 
ding  subjected  to  large  irregular  saggings. 


Formation  of  oraoks  in  the  walls 

The  large  irregularity  of  foundation  saggings  (in  Koril'ek  it  is  more 
than  10-15  cm  between  two  adjaoent  columns)  is  responsible  for  oraoks  forming 
iu  brick  walls  despite  the  faot  that  the  design  provided  frequent  separating 
slits  with  Joints  for  sagging.  Suoh  oraoks  do  not  affeot  sifnifioantly  the 
stability  of  the  buildings,  but  they  are  extremely  undesirable  for  the  condi¬ 
tions  of  tho  northern  regions.  Foundation  sagging  that  oontinues  for  many 
years  is  aocompanied  with  a  steady  formation  of  oraoks  requiring  frequent 
repairs  for  the  building  (Fig.  36;.  Later,  in  designing  briok  buildings,  the 
walls  were  separated  by  sagging  Joints  to  taka  care  of  the  expeoted  large  ir¬ 
regular  sagging  of  the  foundations;  this  was  done  for  e&eh  of  the  spans.  It 
assured  their  safety  and  had  eliminated  the  formation  of  oraoks  (Fig.  36). 


Fig.  35.  Formation  of  oraoks  in  walls  of  buildings 

The  use  of  large  wall  panels  is  to  be  especially  recommended  for  the 
walls  of  caro&ssed  buildings  sreoted  on  beds  subjected  to  large  sagging.  In 
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this  case  it  is  possible  to  arrange  the  joints  in  a  manner  that  will  not 
affect  the  external  appe&ranoe  of  the  building  eren  with  greatly  sagged 

columns. 


Fig.  36.  Separating  slits  in  the  wall  of  the  oharge -mixing  yard 


Irregular  thawing  of  the  ground  bed 

In  designing  and  operating  the  chops  inadequate  attention  was  paid  to 
the  possibility  of  moderating  the  irregularity  of  the  saggings  by  oreating 
homogeneous  temperature-moisture  conditions  in  the  shops.  For  example,  dum¬ 
ping  of  hot  water  was  permitted  in  the  forging-heat  treatment  shop  which 
resulted  in  intensive  looal  thawing,  sagging  of  foundations,  and  formation  of 
cracks  in  the  wall.  Under  the  front  wall  of  the  shop  for  metal  struotures  the 
ground  was  used  for  admitting  tho  heating  system  which  resulted  in  an  Irregu¬ 
lar  thawing  of  the  bed.  The  deformation  turned  out  to  be  se  large  that  a 
part  of  the  wall  had  to  be  rebuild  (Fig.  37). 


Fig.  37.  Defotmation  of  front  wall  of  shop  for  metal  struotures 


Intensive  looal  thawing  was  also  observed  in  other  buildings  of  Noril'sk 
built  in  accordance  with  this  method.  The  thawed  depth  reached  in  a  short  time 
the  ultimate  value  used  for  determining  the  maximum  extent  of  tho  thawing  and 
tho  sagging  irregularity  reaohed  ■sp  to  80#  of  the  absolute.  In  a  predominant 
majority  of  oases  the  oauses  responsible  for  the  irregular  sagging  of  the  bed 
were  not  the  defeots  of  the  design,  but  the  negligenoe  during  the  exploitation. 
Still,  in  individual  oases  it  is  necessary  to  take  into  aooount  the  possibility 
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of  similar  phononona  in  this  typo  of  building  and,  if  it  does  not  inoroase 
appreciably  tho  oonstruotion  coat,  the  deaigr,  should  m alee  proriaiona  for  pos¬ 
sible  higher  irregular  saggings. 

In  Noril ' ole,  the  capital  expenditures  for  repairs  and  restoration  were 
by  far  higher  than  the  possibly  higher  oost  of  buildings  designed  by  taking 
Into  account  larger  irregular  saggings. 


Violation  of  norms  for  dimensions 
above  the  equipment 

Tho  irrogular  sagging  of  columns  in  buildings  in  many  oases  exceeded 
tho  assumed  irregularity  and  reaohod  20-26  am  when  the  assumed  irregularity 
of  vortical  saggings  was  expected  to  equal  16  oontimeters  (Fig.  38).  At  the 
level  of  the  beans  under  the  orane,  the  oolunns  were  deflected  from  the  ver¬ 
tical  axis  by  5-10  oontimeters  in  a  direction  porpendioular  to  the  longitudi¬ 
nal  axis  of  the  beams.  In  certain  places  where  the  anohor  joining  of  the 
booms  under  tho  orane  was  poorly  executed,  the  defleotlon  of  the  oolunms  took 
place  along  tho  axis  of  the  orane  beams  whioh  oaused  tho  butt-joint  to  be 
displaced  beyond  the  axis  of  the  support.  While  not  af footing  the  stability 
of  tho  building,  these  deformations  made  the  exploitation  dlffioult  and  mads 
it  nocessary  to  take  several  steps  to  assure  normal  Shop  operations.  However, 
a  number  of  faotors  appeared  whioh  mads  it  more  dlffioult  to  execute  these 
steps. 


Fig,  38,  Sagging  of  foundations  of  boiler-rolling  shop 

1)  sagging  of  foundations  of  reinfiroed  oonorete  carcass,  in  mm; 

2)  along  the  axis  o  and  D. 

1.  The  straightening  of  tho  crane  traoks  in  plan  was  restricted  by  the 
diotanco  from  the  axis  of  the  orane  traok  to  the  faoet  of  the  ooluran.  The  def¬ 
lection  of  the  column  from  the  vortical  axis  at  the  level  of  the  crane  traok 
was  "0-40;J  of  the  actual  irregular  vertioal  saggings  and  in  many  oases  was 
larger  th«n  that  which  was  taken  into  account  by  the  design  and  whioh  is  equal 
to  tho  dimensions  speoified  by  the  norms  plus  30-60  oontimeters.  This  made  it 
r.ocos3ary  to  out  off  the  oonorete  of  the  upper  part  of  oertaia  oolumns  (Fig.  39). 
i.lr.o,  tho  dofleotioa  of  oertaii^oolumns  was  so  large  that  putting  off  the  con¬ 
crete  to  a  point  whioh  would  not  impair  the  strength  of  the  oolumn  did  not  yield 
the  re^uirod  dimensions  and  it  was  necessary  to  out  off  the  entire  upper  part 
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Fig,  39.  Concrete  out  off  from  deformed  columns 
to  obtain  required  dimensions  for  the  orane 

2.  The  vertioal  straightening  of  the  track  on  oertain  eeotiona  to  26 
oentimetors  (because  the  irregularity  of  the  vertical  saggings  exoeeded  those 
of  the  dosign)  made  the  distance  from  the  head  of  the  rail  to  the  bottom  of 
the  girder  inadequate.  In  the  lateral  spans  of  the  shop  the  vortioal  dimen¬ 
sions  for  tho  orane  were  increased  by  raising  tho  girder  and  adding  16-20 
centimeters  to  the  supports.  In  the  middle  span,  due  to  the  difficulty  in 
raising  the  monolithio  reinforced  oonorete  plate,  it  was  more  expedient  to 
rebuild  the  girder  (under  load)by  introducing  new  structural  components  and, 
in  particular ,  a  new  lower  belt  (Fig.  40)  and  the  old  lower  belt  was  removed 
thereafter. 


Fig.  40.  Raising  the  lower  belt  of  girders  in  the  shop 
for  metal  structures,  due  to  inadequate  orane  dimensions 

-  retained  girder  rods;  mm*  new  girder  components; 

—  out  off  part  of  girder. 
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In  buildings  with  support  subjected  to  large  irregular  sagging  by 
irregular  thawing  of  the  ground  bod,  the  distanoo  from  the  axix  of  the  crane 
track  to  tho  protruding  facet  of  tho  columns  (wall)  should  not  be  less  than 
the  sum  of  the  values  taken  from  the  table  dimensions  for  orones  and  the 
maximum  assumed  deflection  of  tho  columns  from  the  vertical  axis  at  the  level 
of  tho  boom  under  the  crane.  With  an  aoouracy  adequate  for  designing,  the 
extent  of  the  deflection  (as  a  maximum)  can  be  taken  as  1  centimeter  per  1 
moter  of  the  distanoe  from  the  foot  of  the  foundation  of  the  oolumns  to  the 
mark  of  the  hoad  of  the  orone-traok  for  eaoh  10  oentimeters  of  the  assumed 
irregularity  of  the  building*!  sagging.  These  recommendations  are  based  on 
tho  investigation  of  maximum  reflections  of  oolumns  from  the  vertioal  axis 
(with  thies  present  at  the  top  in  form  of  girder  and  covering  plates)  in  the 
buildings  of  the  Noril'sk  meoanioal  repair  plant.  The  maximum  angle  of  def¬ 
lection  of  the  oolumns  from  the  vertioal  axis  did  not  exceed  46'  for  on  irre¬ 
gularity  of  saggings  reaohing  up  to  25  oentimeters. 

The  obtained  deflections  of  the  oolumns  and  the  respeotive  inorease  in 
eccentricity  of  vertioal  loads  (Fig.  41)  should  be  token  into  aoodunt  by  the 
design  of  the  structures,  although  these  inoreases  are  usually  not  essential. 


Fig.  41.  Deflection  pattern  of  oolumns 
due  to  irregular  sagging  of  beds 

Tho  vertioal  orane  dimensions  (from  the  mark  of  the  rail  head  to  the 
bottom  of  tho  girder)  are  obtained  by  using  for  the  design  the  dimension 
recommended  by  the  table  of  oronopdimensions  plus  the  maximum-possible  extent 
of  irregular  sagging.  For  certain  oolumns  this  value  was  aotually  equal  to 
0.8  of  the  absolute  sagging.  The  selection  of  dimensions  for  other  type  of' 
oquipment  (lathes,  elootrio  control  panels,  eto.)  should  be  approaohed 

analitically. 
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Inadequate  survey  of  grounds  for  foundations 

The  Horil’sk  buildings  eroctod  in  accordance  with  tho  method  described 
above,  in  particular  those  which  avoided  the  defects  present  in  the  earlier 
design  of  tho  carcasses  of  the  mechanioal-ropair  plant,  have  shown  good  results 
in  V  h  the  stability  and  strength  of  supporting  structures  and  in  satisfying 
tno  to chno logical  requirements  for  their  exploitation. 

However,  trw  local  seats  of  the  foundation  grounds  together  with  exploi¬ 
tation  defects  allowed  to  take  place  (creation  of  local  seats  of  intensive 
thawing)  which  were  not  taken  into  account  by  the  design  were  the  cause  of  the 
oxtonsivo  deformations  in  the  building  of  tho  body-repair  shop  of  the  auto- 
ropair  base.  Craoks  appeared  in  the  outer  wall  above  the  foundations*  Iftis 
does  not  affect  the  stability,  but  impairs  tho  external  appearanoe  of  the 
building. 

The  inadequate  engineering-geologioal  survey  of  the  site  intended  for 
the  construction  of  a  12-oar  garage  resulted  in  its  destruction  after  two 
years  of  operation  (Fig,  42). 


Fig,  42,  Destruction  of  12-oar  garage 


Tho  deformations  and  destruction  of  the  body-repair  shop,  of  tho  12- 
car  garage,  and  of  other  buildings  could  have  been  avoided  by  designs  based 
on  the  the  data  obtained  by  a  study  of  the  ongineering-geologioal  conditions 
of  the  building  sites.  The  volume  of  enginooring-geological  surveys  preceding  .., 
the  working  design  must  be  considerably  larger  than  the  survey  for  a  working 
design  of  building  sites  outside  tho  zone  of  permafrost  grounds. 


6.  Buildings  erected  on  grounds  retaining 
their  permafrost  state 

Deformations  of  operating  buildings 

Tho  limited  extent  of  rock  outcroppings  on  the  surface  and  of  areas 
with  thawing  or  large-skeleton  nonsaggiag  grounds  makes  it  frequently  neces¬ 
sary  to  build  only  by  the  method  of  retaining  the  permafrost  state  for  the 
foundation  grounds  of  the  structures.  Serving  as  an  example  are  the  oities 
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of  Dudinka,  Igarka,  Yakutsk,  and  other  towns  of  the  Extreme  North,  whore  the 
type  of  tho  frozen  foundation-grounds,  as  a  rule,  eliminates  all  other  methods 
of  ©rooting  buildings  [see  Noto]. 

([Note]:  ice-filled,  fine-grained  sandy  soils,  dusty  and  silty  soils, 
or  soils  oontuinirg  oluy  with  separate  sheets  of  ioe  are  the  predominant  type). 

'i’ho  oxporionoe  of  many  years  in  designing  and  building  industrial  and 

civil  buildings  by  using  the  method  of  retaining  the  permafrost  state  of  the 

foundation  grounds  makes  it  possible  to  assure  their  durability  and  to  satisfy 

tho  operating  and  technological  specifications  required  for  tho  structures, 
nevertheless,  a  number  of  buildings  constructed  in  Noril’sk-  Vorkuta,  Igarka, 
and  othor  towns  of  the  Extreme  North  experienced  considerable  deformations  and 
woro  oven  destroyed.  Errors  were  allowed  to  take  place  in  the  designs  of  oer- 
tain  buildings  under  construction,  for  example,  when  expanding  the  Yakutsk 
oloctrio  station. 

In  tho  existing  part  of  the  electro  station  building,  the  ground  sur¬ 
face  of  tho  basomont  has  a  multilayer  insulation  (a  layer  of  asphalt,  wooden 
sticks,  day,  eto.)  which  is  expensive  and  extremely  difficult  to  arrange. 

Yet,  tho  annual  average  temperature  in  the  basement  is  below  zero  and,  there¬ 
fore,  tho  foundation  grounds  are  not  insulated  against  heat,  but  on  the  con¬ 
trary,  against  the  oold  which  helps  to  keep  the  grounds  in  permafrost  stato. 

The  height  of  the  ventilated  basomont  is  very  small  and  its  inspection  is  not 
possible.  Considerable  quantities  of  hot  water  penetrate  through  the  oeiling 
into  the  grounds,  the  result  of  which  is  a  thawed  foundation  ground  and  the 
sagging  of  the  building.  The  same  defects  are  also  repeated  for  tho  expansion 
of  tho  oleotrio  station.  Similar  unreasonable  designs  were  used  also  in  other 
regions  of  the  Extreme  North. 

Tho  method  of  erecting  building  on  groundB  by  retaining  their  perma¬ 
frost  stato  is  known  for  a  long  time.  In  Yakutsk  there  are  buildings  erected 
several  centuries  ago.  Similar  examples  oan  be  oited  from  the  history  of 
Dudinka  and  others.  The  designs  of  these  buildings  provided  for  the  absenoe 
of  heat-transfer  to  the  foundation  grounds,  which  was  effected  by  building 
warm  floors  and  ventilated  oold  ba moments. 

Such  a  solution  without  taking  into  account  tho  operating  conditions 
does  not  always  assure  the  durability  of  the  structures.  The  buildings  equip¬ 
ped  with  vontilated  basements  which  were  designed  and  built  during  the  first 
few  years  of  mastering  the  oities  of  Noril'sk  and  Dudinka  experienced  in  many 
oases  serious  doformations  and  even  destructions.  The  small  metallurgical 
plant  was  built  in  Noril’sk  in  1940.  Deformations  of  the  buildings  of  the 
oloctrolytio  and  oleaning  departments,  where  the  technological  prooess  was 
acoompaniod  with  large  quantities  of  water  and  solutions  falling  on  the  floor, 
began  to  toko  plftoe  several  months  after  the  start  of  operations.  During  the 
sooond  yoar  of  operations  the  deformations  of  tho  buildings  assumed  a  dangerous 
proportion  (Fig.  43).  Despite  the  frequent  repairs  for  restoration,  tho  buil¬ 
ding  was  demolished  after  three  years  of  operation. 

An  examination  of  the  deformations  of  the  eleotrolytio  department  of  the 
cr/.ll  metallurgical  plant,  also  of  several  lesser  deformations  of  the  Noril-'sk 
and  Dudinka  temporary  eleotrio  stations  (both  built  in  1939-1940)  hxd  dis¬ 
closed  tho  basio  cause,  namely,  inadequate  heat-and-water  insulation  of  the 
roof  above  the  basement.  T*:ls  is  indicated  by  ioe  (ioioles)  formed  in  the 
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basonont  (Fig#  44).  The  destruction  could  have  been  prevented  by  timely  in¬ 
spection  and  correction  of  the  penetration  plaees  in  the  ceiling  of  the  base- 
mont,  but  its  low  height  made  an  inspection  impossible.  In  buildings  erected 
on  grounds  kept  in  a  permafrost  state,  the  height  of  a  ventilated  basement 
must  be  designed  with  a  view  of  possibility  of  its  inspection.  If  no  engi- 
nooring  communications  are  passing  through  the  basement  which  require  a  cer¬ 
tain  hoight,  the  basement  should  have  a  height  of  not  less  than  70-80  cm. 

For  buildings  in  which  moisture  is  required  for  the  technological  prooess,  the 
hoight  of  the  basement  should  be  increased  to  not  less  thah  1.2  meters  for 
oasy  periodical  inspections .  The  ooiling  above  the  basement  should  have  a 
ho  at- insulation  satisfying  the  norms  for  temperature  drops  inside  the  buildings. 

Tho  buildings  where  falling  of  water  on  the  floors  is  possible  must  be  equipped 
with  extra-good  insulation  against  water  (multilayer  insulation  of  roofing 
materials  on  mast io,  metal  sheets  with  well  welded  seams,  eto.). 


Fig,  43.  Deformation  of  electrolytic  shop  of 
small  metallurgical  plant 

In  lloril'sk,  in  1938-1940  were  built  major  one-  and  three-story  buil¬ 
dings  with  ventilated  basements  of  25-50  cm  in  height*  and  with  warm  ceilings 
above  thorn.  Originally,  heat  came  from  the  furnuoes  and  there  was  no  water 
supply  and  no  sewage  system.  For  several  years  of  operation,  no  signs  of 
building  deformation  have  been  observed.  Substantial  deformations  resulting 
in  destroyed  structures  (Fig.  45)  appeared  after  the  buildings  were  equipped 
with  a  central  heating  system  from  an  outside  supply  of  heat,  und  with  a 
water-supply  and  sewage  systems. 

L1o3t  typioal  is  the  deformation  of  the  three- story  stone  house  at  the 
October  street  in  Noril'sk.  No  signs  of  deformation  were  observed  for  a 
poriod  of  20  years  (the  house  was  built  in  1939).  In  1959,  one  of  the  seotions 
of  the  house  beoamo  so  seriously  doformed  that  the  residents  had  to  move  out 
before  steps  were  taken  for  restoration.  The  cause  of  deformation  was  due  to 
oqulpping  the  houso  in  1958  with  a  water-supply  and  sewage  systems  (oentral 
heating  was  installed  at  the  beginning  of  the  exploitation) . 
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Fig.  44.  Formation  of  ioiolea  on  the  basement  ceiling 


Fig.  45.  Destruction  of  public  residential  house 

The  sewage  system  was  installed  in  an  inhooosiible  for  inspection  ven¬ 
tilated  basement  of  60-60  om  in  height  and,  instead  of  suspending  to  the  cei¬ 
ling,  cortain  pipe  sections  were  installed  in  the  ground.  The  leaks  formed 
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at  the  joints  resulted  in  thawed  grounds,  sagging  and  destroyed  joints,  after 
which,  tho  sewage  water  reaohing  the  foundation  grounds  oaused  an  intensire 
thawing  of  the  grounds  and  a  sagging  of  part  of  the  house,  The  oause  of  the 
listed  deformations  vrtiB  the  incorrectly  installed  heat  and  water-supply  sys¬ 
tems  in  the  building  (see  p.69  for  recommendaticn*  for  installation  of 
engineering  communications ; , 


Fig,  46,  Destroyed  building  of  a  public  home 

In  194o  ms  destroyed  a  ooraer.of  a  three-story  residential  house  (Fig, 
46),  Tho  destruction  ms  also  caused  by  the  thawing  of  the  permafrost  foun¬ 
dation  grounds  due  to  the  action  of  tho  temporary  heat-supply  line  installed 
in  an  underground  uninspected  housing  at  a  distance  of  10  meters  from  the  oor- 
ner  of  tho  house.  The  removal  of  the  heat  supply  made  it  possible  to  restore 
the  permafrost  state  of  the  grounds  and  to  repair  the  building,  which  is 
still  in  good  order  at  the  present  time. 

Similar  deformations  of  earlier-built  building,  whioh  were  later  im¬ 
proved  with  engineering  utilities,  took  place  also  in  other  regions  of  the 
extreme  north.  The  installation  of  central  heating  caused  serious  deforma¬ 
tions  in  many  buildings  of  Igarks  and  Dudinka,  The  seme  cause  is  responsible 
for  tho  deformations  of  the  oldest  buildings  in  the  city  of  Yakutsk,  among 
which  was  a  building  built  400  yoars  ago.  The  engineering  utilities,  including 
also  a  cable  network,  wanes  installed  undergrounf  either  in  conduit  inaccessible 
for  inspection  or  without  conduit  caused  the  destruction  of  certain  structures 
buil  t  on  the  surface  (connecting  and  inclined  transporting  platform  of  tho 
substation)  above  the  mine  No  27  and  of  several  residential  houses  in  the  oity 
of  Vorkuta, 

The  oause  of  tho  listed  deformations  was  the  non-obsenranoe  by  the 
designed  engineering  utilities  (passing  near  the  structures)  of  the  conditions 
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that  v.'ould  prevent  the  heat  from  tlio  utilities  from  affecting  the  soil  under 
tho  structures;  also,  beoauso  the  building  designs  did  not  take  into  aooount 
the  conditions  that  osn  assure  the  durability  of  the  buildings  using  suoh 
utilitios. 


Fig,  46.  Destroyed  comer  of  3-story  residential 
house  in  the  oity  of  Noril'sk 


In  IToril'sk,  the  durability  of  buildings  served  by  engineering  utili¬ 
ties  is  assured  by  installing  the  latter  under  conditions  excluding  their 
heat  notion  on  the  foundation  grounds  (by  installing  in  above-ground  or  ven¬ 
tilated  through  conduits),  or  by  protecting  the  grounds  from  the  heat  of  the 
near-located  utilities  and  structures  (see  below). 


Protecting  the  grounds  from  the  heat 
of  noar-looated  buildings 

Tho  souroes  of  possible  liberation  of  heat  located  near  objeots  under 
construction  must  be  carefully  studied  irrespective  of  their  capacity,  sinoe 
the  temperature  conditions  of  the  grounds  oan  be  affected  even  by  sources  of 
low  cnpucity.  An  especially  thorough  study  must  be  made  of  the  effect  of 
adjacent  structures  on  the  grounds  of  the  buildings  and,  if  nooessary,  to 
take  stop3  that  con  prevent  the  grounds  from  thawing.  Especially  menaoing 
are  tho  heat  and  water  supply  systems  and  the  enterprises  from  which  large 
quantities  of  warm  water  may  penetrate  into  the  ground.  An  example  oan  be 
citod  from  the  praotioe  in  designing  and  exploiting  the  building  for  storing 
the  coal  of  the  Noril'sk  TETs  (oentral  eleotrio  station). 
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Fig,  47.  Drainage  protecting  the  coal  storehouse  of  TETs 

а)  view  along  1-lj  b)  top  view*  1)  pipeline;  2$  filled  with  soil; 
31  tightly  tamped  clay;  4)  dumping  ground;  5)  filled  with  stones; 

б)  drain. 


The  unheated  building  for  storing  the  coal  was  designed  in  1938  by 
using  the  method  of  retaining  the  permafrost  state  of  the  foundation  grounds. 

The  design  took  into  consideration  the  TETs  oiruulating  water  supply  with  the 
pipes  passing  over  a  distanoe  of  about  125  meters  along  the  natural  slope  of 
t lie  grounds  from  which  the  penetration  of  warm  water  into  the  foundation  of 
the  storehouse  building  was  possible  (Fig,  47),  Also,  the  oity's  oentral 
boating  system  had  the  pipes  laid  on  the  surface  over  a  distance  of  about  30 
motors;  a  leaking  pipe  oould  also  cause  a  looal  thawing. 

The  foundation  ground  of  the  storehouse  was  protected  from  the  harmful 
action  of  the  underground  flow  of  water  from  the  upland  side  of  the  building 
by  dosigning  a  drainage  system  and  a  waterproof  layer  of  tamped  clay.  This, 
however,  did  not  proteot  the  grounds  from  thawing.  The  empty  spaces  between 
tho  atones  of  the  fill  beoame  filled  with  ice.  The  accumulated  water  had 
penetrated  below  the  natural  surfaoe  of  the  grounds  and  formed  there  individual 
underground  streams  flowing  out  as  underground  spouts  along  the  slope  below 
tho  building.  Serious  deformations  and  destroyed  structures  appeared  in  the 
building. 

In  enlarging  the  storehouse,  tho  drainage  was  built  in  form  of  an  open 
trench  roinforood  by  wooden  vails  whoso  bottom  was  1-1,5  meters  below  the 
natural  surface.  Provisions  were  made  for  tho  possibility  of  inspection  and 
cleaning  the  trench.  The  15-year  exploitation  confirmed  the  correctness  of' 
the  adopted  design.  No  defining  was  nooessary  for  the  drains  and  no  signs  of 
ground  thawing  were  found  in  the  enlarged  part  of  the  storehouse. 

In  designing  the  protection  of  the  grounds  against  the  effeot  of  adjaoent 
structures  it  is  nooessary  to  take  into  account  that  the  extent  of  the  thawing 
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nearby  building3  usually  spreads  little  beyond  their  contours  and  does  not 
threaten,  the  durability  of  a  building  erected  at  a  certain  small  distanoe, 
providod  that  tho  possibility  of  formation  of  underground  and  above-ground 
vrator  flows  is  oxoluded  during  their  exploitation.  However,  the  presence  of 
wutor  and  heat  pipolines,  particularly  when  leakes  of  water  into  the  ground 
is  possible, is  extremely  dangerous  evon  when  the  space  between  buildings  is 
large.  In  such  a  case,  the  best  protection  for  the  grounds  is  by  building 
drains  of  tho  trenoh  type  that  oan  be  inspeoted  and  oleaned  during  their  ex¬ 
ploitation. 

Occasionally,  instead  of  an  oxpensive  draining  system  it  is  more  ad¬ 
visable  to  remove  tho  source  of  heat  liberation  (underground  worm-water  pipes) 
from  tho  section  intended  for  building.  In  this  case,  however,  it  is  neoes- 
sary  to  take  into  consideration  tho  time  required  to  restore  the  permafrost 
state  at  this  section. 


Use  of  ventilated  basement  to  retain  the  permafrost  state 
of  the  grounds  under  industrial  buildings 

At  tho  present  time,  the  protection  of  foundation  grounds  against  the 
heat  liboratod  by  the  building  itself  is  designed  in  a  different  manner  in 
difforont  regions  of  tho  Extreme  North,  Ifenoe  the  different  results  obtained 
for  the  durability  of  the  buildings  obtained  during  their  exploitation.  For 
example,  according  to  tho  data  of  the  group  of  experts  created  in  1959  by  the 
Gofl3troy  USSR,  a  large  number  structures  built  above  the  mines  in  Vorkuta, 
bocono  deformed  to  a  degree  that  made  their  exploitation  diffioult.  6f  400 
investigated  buildings  320  were  deformed  and  required  repairs  for  restoration. 

Deformation  in  a  largo  number  of  buildings  ooourred  in  the  settlement 
of  liynndzha  (distriot  of  Kolyma),  in  Igarka,  Cape  Shmidt,  and  others.  In 
Norilsk,  the  majority  of  the  major  buildings  were  constructed  by  the  method 
of  keeping  the  foundation  grounds  in  permafrost  state.  At  this,  oertain  of 
tho  buildings  are  based  on  solid  masses  of  burried  ioe.  The  durability  of 
those  buildings  was  proven  by  many  yoars  of  exploitation.  Along  with  this, 
thoro  aro  cortain  buildings,  built  mostly  in  1940-1945  with  desipis  different 
from  those  used  at  the  present  time,  whioh  beoame  deformed.  Examples  of  con¬ 
struction  methods  used  for  oertain  buildings  and  the  reason  why  these  methods 
con  bo  rocomnonded  for  later  d03igns  are  given  below. 

Tho  two-story  briok  houso  of  tho  main  building  of  the  Yakutsk  Leather 
Conbino  was  erectod  on  precast  reinforced  concrete  foundations  burried  by  3.6 
motors  below  tho  layout  mark.  A  ventilated  basement  was  built  to  protect  the 
foundation  grounds  against  tho  hoat  liboratod  by  the  quarters.  The  surface  of 
tho  ground  in  the  basement  was  covored  by  a  heat- insulating  layer.  The  height 
of  ta  basomont  from  tno  heat- insulating  layer  to  the  protruding  struotures  is 
about  50  contimetors,  the  distance  along  the  perimeter  from  the  layout  mark 
to  tho  bottom  of  the  beam  struotures  is  20-30  oentimeters.  The  oeiling  over 
tho  basomont  has  a  oonplex  water-ond-heat  insulation  (Fig,  48),  A  sewage  pipe 
and  a  settling  tank  were  built  in  the  ground  at  a  distance  of  several  meters 
from  tho  wall. 

This  do3ign  has  substantial  defeots.  The  installation  of  sewage  pipes 
in  frozon  grounds  near  the  building  is  undosir*ble,  beoause  as  soon  as  the 
exploitation  of  the  sewage  system  will  begin,  there  will  be  thawing  and  sagging 
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around  the  sewage  pipe  and,  later,  the  sagging  will  damage  the  entire  sewage 
system.  V/arra  water  reaching  the  foundation  will  oause  its  ground  to  thaw  and 
sag  intensively;  this  may  deform  or  damage  the  building.  The  low  height  of 
the  basement  makes  it  unfit  for  inspeotion;  the  latter  would ibe  particularly 
desirable  for  that  seotion  of  the  building  where  the  teohnology  of  its  shops 
requires  constant  washing  of  the  floors  and  where  the  penetration  of  water 
through  the  basement's  ceiling  into  the  ground  is  possible. 


Fig,  48.  Ventilated  basement  of  Yakutsk  Leather  Combine 

The  basement  ceiling  is  made  of:  reinforoed  ooncrete  plate,  150  mm; 
pergomyn  over  asphalt  mastic;  slag  ,  450  mm;  slag  concrete,  60  mm; 
cement  tie  rod,  20  mm;  layer  of  ruberoid  over  each  layer  of  pergomyn; 
asplu.lt,  25  urn;  reinforced  concrete  plate,  40  mm;  sylolith  13,  with 
1:4  composition;  xylolith  12,  with  1:2  composition.  1)  heatproof  layer. 

The  basement  should  have  been  made  with  1.2  to  1,6  motors  in  height; 
the  sewage  and  other  pipes  should  not  bo  laid  on  the  ground,  but  should  be 
hanging  on  the  parts  of  the  ceiling,  high  above  the  basement,  or  on  the  foun¬ 
dations.  Tho  sowago  settling  tank  should  not,  as  a  ride,  be  built  near  the 
building.  Before  they  enter  the  basement  the  sewage  and  other  pipes  should  be 
laid  above  tho  ground  and,  if  the  layout  forbids  an  above-ground  installation, 
they  should  be  laid  in  a  ventilated  channel  open  at  both  ends.  In  Buch  a  oase, 
tho  building's  foundation  must  bo  set  deeper  at  the  places  where  the  pipes 
enter  the  basement  and  the  thawing  bowl  formed  under  the  channel  should  be 
takon  into  consideration.  The  insulation  against  heat  of  the  basement's  floor 
is  also  uanoceSBary  in  view  of  its  annual  average  temperature  of  below  zero. 

It  increases  the  oost  of  oonstruotion  and  it  (the  insulation)  impairs  the  con¬ 
ditions  required  to  keep  the  grounds  in  permafrost  state. 
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Fiji.  49.  Boiler  room  of  Yakutsk  Leather  Combine,  aeotional  view 


Svon  in  buildings  where  tho  technological  process  is  not  conneoted  with 
wator  falling  on  tho  floor,  the  construction  oosts  are  also  increased  by  the 
unreasonably  used  complex  method  of  heat  and  waterproofing  the  ceiling  above 
tho  basement.  With  a  monolithio  reinforced  ooncrote  plate  oovering  the  basement, 
it  would  havo  boon  sufficient  (as  proven  by  the  experience  with  constructions 
in  Noril'sk)  to  oovor  the  plate  with  asphalt,  or  use  oho  layer  of  roofing 
insulation  without  adhesives. 

The  Yakutsk  building  for  the  boiler  room  has  a  basement  (Fig.  49)  con¬ 
taining  tho  some  defects  as  in  the  production  building  of  the  leather  combine. 

Kooping  gaspipes  and  ash-removal  in  heated  quarters  is  unnecessary;  it 
requires  a  larger  space  and  increases  unreasonably  the  oost  of  oonstruotion. 

As  a  comparison  con  be  cited  the  boiler  room  in  Dudinka.  Although 
quippod  with  boilora  of  larger  capacity  than  those  of  Yakutsk,  tho  Dudinka 
building  oocupior,  less  space  than  that  of  Yakutsk.  Instead  of  using  ventilated 
spaco  under  the  floor,  the  first  floor  is  unheated  and  admits  cold  air  during 
the  w Inter.  The  ash-romoval  equipment  and  the  pipes  are  located  on  the  first 
floor  (Fig.  50).  The  building  is  in  use  for  many  years  and  there  are  no  signs 
of  dofonmtion  or  of  thawed  grounds.  ..henever  heating  is  required  for  certain 
parts  of  the  first  floor,  spaoe  is  provided  under  its  floor,  whioh  oan  be  ven- 
*  tilatod  and  fit  for  inspeotion  (this  was  done  for  the  boiler  rooms  in  Noril'sk 
and  .  iidinka). 

Tho  design  used  in  Yakutsk  cannot  bo  recommended  for  boiler  rooms.  It 
requires  lrurger  volumes  of  space  and  higher  oonstruotion  oosts,  but  it  does 
not  provent  the  ponetratiop,  of  water  and  utilities  into  the  spaoe  under  the 
floor  and,  therefore  does  not  prevent  the  possibility  of  thawed  grounds  and 
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dofomation  of  the  building.  Instead  of  building  special  ventilated  basements 
for  boilor  room3  and  other  industrial  buildings,  it  is  advisable  wherever  it 
is  possible  to  provide  the  first  (ground)  floor  with  unheated  auxiliary 
quarters  and  utilities  that  oaa  assure  the  entrance  of  odd  air* 


Fig.  50.  Ventilated  spaoe  under  the  floor  of  auxiliary 
quarters  of  boiler  room.  1) grate  with  shutters. 


Construction  of  ventilated  channels  un'^r  tho  floors 
of  industrial  buildings  and  w&*  houses 

The  freezing  of  ground  beds  under  foundat';  t  with  cold  air  suppliod 
through  pipes  or  channels  is  widespread  in  the  regions  of  the  Extreme  Uorth. 
Tho  cooling  systems,  however,  arc  designed  in  a  different  maimer  in  different 
rogior.c,  Cortain  cooling  systems  in  use  are  described  below,  in  order  to 
enable  the  designers  to  select  the  mo3t  efficient  version. 

In  Yakutsk,  the  garage  building  is  provided  with  channels  for  freezing 
tho  ground  bods  during  the  winter  season  (Fig.  51).  The  bed  is  made  heatproof 
by  a  clay  enclosure  over  whioh  is  laid  a  layer  of  slag  and  oonoreto  floors. 
Tho  durability  of  the  building  deponds  in  this  case  on  the  size  and  shape  of 
tho  thawing  bov/1.  When  dry,  the  slag  restricts  the  transfer  of  heat  from  the 
building  to  the  soil  of  the  bed;  this  notwithstanding,  with  air  temperatures 
remaining  s toady  above  zero  in  the  building,  the  thawing  may  reach  a  maximum 
dopth  of  10-15  meters  in  the  final  analysis. 

Tho  channels  for  freezing  the  bods  wero  not  designed  successfully. 
Diring  the  construction  period  they  may  booome  filled  with  debris;  during  the 
•  inter  evon  a  light  snowstorm  or  snov.crif t  v/ill  pack  the  ohannole  with  sno-.v, 
o  prevent  tho  channels  from  being  filled  v/ith  snow  is  impossible  in  view  of 
their  snail  size.  In  the  final  analysis  it  is  rather  doubtful  whether  they 
can  influence  somehow  the  oontour  of  the  tliawing  bowl.  In  this  oase  the  zone 
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of  thawing  will  spread  voider  the  foundation  beds  and  may  sub8tantially  deform 
the  building.  It  should  be  added  that  warm  water  penetrating  into  tbo  beds 
from  the  pipes,  heating  accessories,  or  from  washed  machines  will  expedite  and 
increase  the  doformation  of  the  building  (in  this  case,  the  insulating  layer 
of  oiay  specified  in  the  design  vdll  be  rather  ineffective). 


Fig.  51.  25-oar  garage  in  Yakutsk,  sectional  view 


Fig.  52.  Sectional  view  of  hangar  built  on  swollen  grounds. 
Combined  protection  of  permafrost  state  by 
filled  grounds  and  basements 


More  successful  is  the  design  which  provides  for  freezing  the  ground 
bods  over  the  entire  area  of  the  building.  This  method  was  adopted  for  the 
dosign  of  an  hangar  (Fig.  52)  developed  for  the  regions  of  the  Extreme  North, 
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Tho  possibility  of  inspeotion  and  of  cleaning  the  snow  and  dirt  from  the  base¬ 
ment  and  from  the  oooling  pipes  assures  to  a  considerable  extent  the  reliability 
of  tho  system  and  the  permafrost  state  of  the  grounds.  All  that  is  necessary 
is  to  increase  somewhat  the  height  of  the  basement  to  make  its  exploitation 
more  convenient. 

In  many  cases  the  cooling  unit  is  designed  with  forced  circulation  of 
the  cold  air  to  assure  the  permafrost  state  of  the  grounds.  In  Noril'sk,  for 
example,  freezing  of  the  grounds  beds  included  the  building  of  the  temporary 
electric  station,  the  TETs  storehouse  for  coal,  etc.  The  same  principle  was 
used  also  in  designing  one  of  the  mechanical  assembling  shops  (Fig.  53).  At  a 
dopth  of  2  motors  from  the  surfaoe  of  tho  grounds  are  located  tho  pipes  through 
which  cold  air  is  pumped  during  the  winter  season  to  freeze  the  ground  beds. 

This  solution  assures  the  durability  of  an  industrial  building  when  the  tech¬ 
nological  process  does  not  involve  water  falling  on  the  floor.  However,  the 
largo  consumption  of  metallio  or  reinforced  concrete  pipes,  higher  requirements 
for  exploitation  of  the  oooling  system,  and  difficulties  oonneoted  with  re¬ 
moving  the  snow  and  ioe  from  the  pipes  do  not  favor,  as  yet,  the  wide  use  of 
this  method. 


Fig.  53.  Seotional  view  of  mechanical  assembling  shop 
1)  to  the  ventilator 

The  advantage  of  the  system  using  channels  for  cooling  the  ground  bed 
is  that  the  load  from  the  floor  is  not  transmitted  to  the  foundations  of  the 
building  and  that  it  makes  it  unnecessary  to  build  heavy  structures  for  the 
ceiling  of  the  ventilated  basements.  For  a  comparison  of  the  designs  of 
buildings  with  cooled  ground  beds  by  means  of  ventilated  channels,  of  interest 
are  tho  buildings  of  the  heated  warehouse  built  in  Horil'sk. 

The  one- story  brick  buildings  are  so  constructed  that  the  load  on  the 
foundations  are  transmitted  only  by  the  weight  of  the  building's  struotures. 
Bocause  the  warehouses  are  located  ina  swampy  territory,  the  design  provides  •- 
for  using  ventilated  ohannels  built  immediately  under  the  warm  floor;  the  mark 
for  tho  bottom  of  the  ohannels  is  50-70  oentimeters  higher  than  the  layout 
nark.  The  channels  oan  be  easily  inspected  and  cleaned  of.  snow  when  necessary 
(Fig.  54).  The  area  covered  by  the  ohannels  is  equal  to  QQ%  of  the  area  of 
tho  buildings  floor,  which  provides  the  required  freezing  of  the  bed  in  winter. 

The  channel  walls  are  laid  on  a  fill  of  large  pieoes  of  rooks. 
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Fig,'  54.  Warm  warehouse  in  Noril'sk 
a)  sectional  view;  b)  view  along  a-a. 

1)  air  holes  in  lateral  walls;  2)  the  lateral  walls  are  made  of 
250  ram  bricks  on  a  fill  of  gravelous  grounds. 


The  natural  ventilation  of  the  channels,  their  accessibility  for  inspec¬ 
tion,  the  ratio  between  the  areas  of  the  channels  and  of  the  floor  of  heated 
building,  and  the  simplicity  of  erecting  the  structures  make  it  possible  to 
recommend  this  design  for  warehouse  and  industrial  buildings  where  the  tech¬ 
nological  process  does  not  involve  the  possibility  of  large  quantities  of 
water  falling  on  the  floor. 


Construction  of  ventilated  basement  to  preserve  the 
permafrost  state  of  the  grounds  under  residential, 
oultural,  and  general-purpose  buildings 

The  basic  solution  to  preservo  the  frozen  state  of  the  grounds  under 
residential,  oultural,  and  general-purpose  buildings  is  the  construction  of  a 
vontilated  basement.  The  purpose  of  the  basement  may  differ,  depending  on  how 
well  the  building  is  constructed,  the  permafrost  characteristics  of  the  beds, 
climatic  conditions,  and  how  substantial  is  the  building. 

In  separately  located  buildings  not  equipped  with  oentral  heating,  water 
pipos,  and  sewage,  the  role  olayed  by  the  basement  and  the  roof  over  it  is  to 
protect  the  building  from  oold  and  to  prevent  the  heat  from  the  building  to 
roach  the  ground  bed.  A  basement  height  of  30-50  cm  oan  be  used  for  such  buil¬ 
dings.  The  air  holes  and  the  walls  of  the  basement  should  be  able  to  maintain 
in  it  an  average  annual  air  temperature  below  zero.  In  suoh  a  oase,  the 


I 
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thawing  of  the  grounds  in  the  basement  usually  will  not  exceed  the  maximum 
height  of  seasonal  thawing  of  tho  region  under  construction.  This  principle 
v:as  used  in  building  many  woodon  and  brick  houses  in  Yakutsk  and  several  buil¬ 
dings  in  lloril'sk  put  to  use  in  1938-1942. 

Ventilated  basements  of  30-50  cm  in  height  are  still  built,  even  now, 
in  Yakutsk,  Igarka,  Vorkuta,  and  other  regions.  The  building  of  closed  base¬ 
ments  was  discontinued  since  1943  in  lloril'sk  and  Dudinka,  because  they  did 
not  solve  the  problems  connected  with  improving  the  buildings  and  the  streets. 
The  practice  of  designing  and  constructing  multy- story  buildings  ereoted  on 
fine-grained,  ice-3aturated  grounds  made  it  possible  to  develop  the  most 
efficient  designs  for  ventilated  basements. 

Under  the  entire  building  extends  a  continuous  ventilated  basement  built 
without  intermediate  walls  and  partitions.  Its  minimum  height  is  0.8-1  meter 
in  places  containing  no  utility  pipes,  and  not  less  than  1.6-.18  meters  in 
places  where  pipes  are  present.  Tho  pipos  supplying  heat  and  water  and  the 
electric  cables  proceed  as  much  as  possible  directly  from  their  entranoe  into 
the  basement  straight  to  the  rooms  located  above  its  roof,  or  they  are  attaohed 
to  tho  ceiling  with  the  aid  of  hangers.  The  water  (from  damaged  pipes)  is 
prevented  from  penetrating  into  the  ground  by  a  reinforced  ooncrete  trough 
laid  along  the  pipeline.  The  basement  is  designed  with  a  slope  to  the  trough. 
This  makes  it  possible  in  case  of  damaged  pipes  to  direot  the  water  into  the 
sewage  (Fig.  55). 

This  design  makes  it  possible  to  bring  in  all  engineering  networks  into 
the  building's  basement  from  the  street  header  which  was  built  to  preserve  the 
frozen  state  of  the  ground  and  its  bed.  The  street  heasers,  the  entrances  to 
the  buildings,  and  the  pipes  in  the  basement  are  systematically  inspected  and, 
if  necessary,  repaired.  As  a  result,  due  to  this  desism  for  basements  and 
pipelines,  no  cases  of  deformation  of  buildings  were  observed  in  Noril'sk 
during  their  15-year  period  of  exploitation. 

Entirely  different  are  solved  tho  problems  for  pipelines  and  ventilated 
basements  in  Yakutsk.  The  basements  are  30-40  cm  high  and  15-20  cm  along  the 
perimeter  of  the  building  where  the  wall  beams  are  installed;  this  prevents 
any  kind  of  inspection.  The  network  of  pipes  for  water,  sewage,  and  heat  supply 
are  lead  into  the  building  above  the  layout  mark  into  a  layer  of  heat  insu¬ 
lation  for  the  ceiling  above  the  basement. 

This  design  cannot  be  recommended  for  the  following  reasons.  Pipes 
entering  the  building  at  a  plaoe  above  the  layout  mark  impair  the  well-ordered 
arrangement  between  the  street  blocks;  the  separation  of  the  sewage  pipes  in 
ceiling  is  extremely  faulty,  considering  the  exploitation  conditions.  Also, 
tho  limited  height  of  the  heat- insulating  layer  makes  it  neoessary  to  build 
several  independent  sewage  entrances.  The  installation  of  sewage  pipes  under 
the  ground  without  channels  or  in  dosed  channels,  and  more  so  in  channels 
containing  the  heat-supply  pipes,  will  inavoid&bly  result  in  thawing  and  sag¬ 
ging  of  the  channel's  bed.  As  shown  by  the  experience  in  using  such  networks 
in  lloril'sk,  the  zone  of  thawing  frequently  extends  to  the  ground  bed  of  the 
building  resulting  in  their  considerable  deformation. 

Even  more  faulty  was  the  solution  adopted  in  designing  the  surgical 
building  in  Yakutsk  (Fig.  57).  The  building  has  11  lead-in  places.  The 
sewage  and  heat-supply  pipes  are  laid  in  wooden,  unispectable  chest  in  the 
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trough  in  the  basement 
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Ground  near  tho  building.  Sinoo  it  is  possible  for  water  to  drip  from  the  buil¬ 
ding  into  the  cellar,  such  a  location  for  outdoor  pipes  creates  conditions 
favoring  the  thawing  of  the  ground  bod  and,  therefore,  may  deform  the  building. 
In  designing  vontilated  collars  under  buildings  of  IToril'sk  and  Dudinka,  their 
ventilation  during  the  winter  is  given  considerable  attention;  no  partitions 
or  ether  compartments  that  may  obstruct  the  free  flow  of  cold  air  are  pemittod. 


Pig.  56.  Lead-in  of  sewago  pipes  into  building  equipped 
with  ventilated  cellar 


Fig.  57.  Outdoor  sewage  system  of  Yakutsk  surgical  building 

<oA  =  header 


For  buildings  located  on  a  slope  -where  the  cellar  in  certain  places  had  a 
height  of  more  than  2.5  to  3  meters,  an  exception  was  made  by  building  cold 
rooms  with  floors  at  the  same  level  as  the  outdoor  layout.  In  case  the  con¬ 
stantly  used  ventilation  during  tho  winter  impaired  the  explotation  conditions 
of  the  occupied  quarters,  a  ventilated  space  was  provided  under  the  floor. 
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Fig.  58.  Use  of  ventilated  3paoe  under  auxiliary 
compartments  of  Noril'sk  residential  houses 


The  use  of  oellars  with  ventilated  space  under  the  floor  is  permitted 
in  residential  houses  of  Yakutsk.  For  this,  the  ventilated  spaoo  under  the 
floor  is  about  50  cm  in  height,  is  located  1.5  to  2  meters  below  the  layout 
mark,  is  waterproofed  by  a  layer  of  tamped  olay,  and  is  ventilated  by  ohan- 
nels  built  in  the  vra.ll  of  the  building  (Fig.  69).  The  fault  of  this  design 
is  the  possibility  of  surface  water  penetrating  into  the  basement  during  the 
spring  and  the  snow  blown  in  during  the  winter.  There  is  also  a  possibility 
of  the  basement  beooming  dogged  during  the  oonstruotion. 


Fig.  59.  Construction  of  oellar  for  Yakutsk  residential  house 


The  disability  of  Yakutsk  buildings  with  ventilated  basement  inacces¬ 
sible  for  inspection  is  explained  by  the  laok  of  central  oity  networks  of 
sewage,  water,  and  heat-supplying  pipes.  Suoh  solutions  are  not  aooeptable 
in  designing  a  well-arranged  oity. 
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Increasing  the  height  of  ventilated  basements,  use  of  lead-ins  open  at 
both  onds  from  the  street  header  to  tho  basement,  and  looating  the  pipes  in 
basement  by  suspending  them  to  the  coiling  --  this  is  the  solution  used  in 
h'oril'sh  .-hat  can  be  recommended  for  tho  regions  of  the  Srtreme  North  to 
assure  tho  durability  of  tho  orectod  buildings,  ihron  the  buildings  ereoted  in 
Noril'sk  on  solid  grounds  with  buried  loo  remain  durable  when  designed  in  this 
monnor. 
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Chapter  III 

BUILDING  PARTS  FOR  EXTREME  NORTHERN  REGIONS 


pp  85-149 

1.  Concrete  and  Reinforoed  Concrete  Foundations  a r  1  Beams 
Conditions  Governing  the  Selection  of  Desijpi 

Foundation  designs  for  the  construction  conditions  of  the  Extreme  North 
always  depend  on  tho  geological  structure  of  the  foundation  beds  and  on  the 
methods  employed  for  the  erection  of  buildings.  Conventional  belt-type  founda¬ 
tions  (assembled  of  separate  blocks,  or  monolithic)  made  of  concrete  are  more 
suitable  for  carcassless  buildings  erected  on  rooks  deposited  to  a  depth  of 
up  to  2  motors.  For  deeper  deposits  of  rocks,  reaching  in  certain  cases  a 
depth  of  20  meters  and  above,  it  is  expedient  to  design  oolumn-type  oonorete  or 
reinforced  oonorete  foundations. 

For  buildings  erected  on  thawed  grounds  or  on  beds  composed  of  loose 
frozen  grounds  both  the  belt- type  and  the  column  type  of  foundations  are 
suitable,  while  in  certain  cases  the  building  may  be  ereoted  without  founda¬ 
tions  on  reinforoed  concrete  plates  laid  on  the  surface,  etc.  During  the  last 
few  years  an  over- growing  application  was  found  for  pile- type  foundations,  the 
use  of  which  is  so  effective  that  reoently  it  became  the  predominant  type. 

The  design  of  foundations  is  closely  connected  with  the  design  of  beams 
for  the  column-type  and  the  design  of  the  grillages  and  beams  for  the  pile-type 
of  f oundations.  It  is  determined  by  both  the  mo3t  economical  design  and  the 
working  conditions,  when  the  concreting  of  the  grillage  or  of  the  boams  per¬ 
formed  during  the  winter  season  may  require  larger  efforts  and  may  even  oause 
damages  in  the  foundations. 

All  listed  types  of  foundations  and  beams  are  also  used  for  construc¬ 
tion  in  the  common  regions  of  the  oountry,  but  the  severe  climatic  conditions 
and  the  pornaf rost  grounds  of  the  Extreme  North  requires  in  many  oases  a 
change  in  their  design.  Different  designs  for  foundations  and  beams  are  used 
ir.  differont  regions  of  the  Extreme  North.  The  effecienoy  of  any  design 
depends  to  a  considerable  degreo  on  the  presence  of  an  industrial  base  for  the 
construction,  supply  of  power,  volume  of  construotion,  etc.  Cited  below  are 
-the  widely  used  designs  of  foundations  and  beams  for  the  industrial  and  civil 
buildings  of  Noril'sk,  Dudinka,  Yakutsk,  Vorkuta,  and  other  oities  of  the 
Extreme  North. 

Belt-type  foundations 

For  the  conditions  of  the  Extreme  North,  belt-type  foundations  oan  be 
recommended  only  for  caroassless  buildings  ereoted  on  rooky  or  thawed  beds  with 
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tho  foundations  at  a  depth  of  no  more  than  1,5-2  meters  from  the  surfaoe  of 
tho  earth  or  of  the  floor  of  the  cellar.  For  deeper  installations,  the  use 
of  bolt-type  foundations  is  not  economical  due  to  the  larger  volume  of  work 
required  for  digging  and  concreting.  For  buildings  erected  by  the  method  of 
preserving  the  permafrost  state  of  the  bed,  belt-type  foundations  oannot  be 
recommended  also  because  the  high  heat-conduotanoe  of  the  oonorete  during  the 
3ummor  contributes  to  the  pentration  of  heat  into  the  ground  which,  by  raising 
tho  tomerature  of  the  bed  reduces  its  supporting  capacity.  In  addition,  belt- 
type  foundations  increase  significantly  the  cost  of  the  protecting  structures 
(walls)  of  the  ventilated  space  under  the  floors  and  impair  its  oooling  condi¬ 
tions  during  the  winter  season. 

Lately,  however,  for  building  in  tlxe  areas  of  the  Extreme  Horth  on  loo,':* 
frozen  and  also  on  large- skaleton  thawed  and  swollen  grounds  use  is  made  of 
roinforced  concrete  belt- type  foundations  installed  to  a  minimum  depth  (up  to 
50  centimeters),  or  even  on  the  surface.  The  depth  in  this  oase  may  depona 
onJ,,y  on  protruding  corditions  of  the  grounds,  or  on  the  designs  of  the  buil¬ 
dings.  Taking  into  account  the  faot  that  loose  frozen  grounds  subjected  to 
artificial  thawing  without  corampressing  the  ground  when  the  building  is  erao- 
ted  without  preserving  the  permafrost  state  of  the  bed  may  experience  large 
saggfngs,  the  designs  of  the  foundations  and  buildings  must  assure  their 
durability  when  the  expeoted  saggins  take  place. 

As  an  example  is  the  two-story  service  building  of  the  Noril’sk  mining- 
emergency  station  (Fig,  60).  The  building  is  ereoted  on  a  belt-type  reinfor¬ 
ced  oonorete  foundation  of  50  cm  in  height.  The  depth  of  30  cm  in  the  ground 
for  tho  foundations  is  required  by  the  design  to  provide  an  entranoe  for  the 
motor  oars.  The  foundation  height  of  50  am  was  used  to  assure  rigidity  for 
the  building  in  the  seotions  between  the  joints  for  sagging,  whioh  are  pro¬ 
vided  at  eaoh  20-39  meters  along  the  length  of  the  building,  Suoh  a  desigr 
prevents  the  formation  of  oraoks  in  the  walls  due  to  a  irregular  sagging  oi 
the  foundations. 


Fig,  60.  Sectional  view  of  Noril'sk  mine -emergency  station 
1)  reinforoed  oonorete  belt  foundation 
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Higidity  of  tho  building  in  its  3  dimensions  is  provided  ljy  joining  the 
longitudinal  foundation  parts  at  the  sag- joints  (spaoe  between  walls  to  reduce 
tho  effoot  of  sagging)  with  lateral  belt-type  foundations*  The  two-side  rein- 
forcemont  (upper  and  lower)  of  tho  foundation  parts  enables  them  to  sustain 
the  positive  and  negative  bonding  moments,  both  of  which  may  appear  at  the  sec¬ 
tion  near  tho  sag-joints  due  to  an  irregular  sagging  of  the  bed. 

Similar  foundation  designs  are  also  used  for  many  other  buildings  in 
Noril'sk.  Tho  largo  reduction  in  oost  and  in  the  time  and  labor  spent  for  the 
work  mako  it  possible  to  recommend  the  use  of  reinforoed  concrete  belt-type 
foundations  installed  to  a  shallow  depth  and  with  the  walls  out  into  separate 
rigid  blook3,  provided  they  servo  for  tho  ereotion  of  oaroassless  buildings  on 
non-swillen  grounds,  inoluding  tho  carcassless  buildings  ereoted  in  aocordanoe 
with  the  method  of  subsequent  thawing  of  the  beds,  and  an  assumed  sagging  of  up 
to  20-25  centimeter 8. 

Construction  on  a  large  scale  of  two-story  wooden  buildings  without 
foundations  i6  going  on  in  Vorkuta.  Afill  of  30-50  an  of  largo- skeleton  soil 
covors  the  ground  on  whioh  the  building  is  supported.  The  floors  of  the  first 
floor  aro  heatod.  The  height  of  tho  ventilated  spaoe  under  the  floors  is  30 
contimotors.  The  heat  and  water  pipes  are  laid  in  ohest  on  the  surfaoe  of  the 
earth.  Such  a  dasign  assures  the  durability  of  the  two-story  buildings  ereo- 
tod  on  non-swollen  grounds,  reduces  considerably  the  oost  and  expenditure  of 
labor,  and  can  be  recommended  for  use  in  other  regions  of  the  iixtreme  North, 
whore  tho  laying  of  supplying  pipes  on  the  surfaoe  is  permitted* 


Column-type  Monolithio  Foundations 

Tho  depth  of  foundations  using  tho  method  of  preserving  the  perma¬ 
frost  state  of  the  grounds  is  established  in  aocordanoe  with  the  NiTU  (stan¬ 
dards  and  specif ications)  118-51,  part  IV,  table  4.  In  buildings  constructed 
by  this  method,  however,  there  were  frequently  cases  when  due  to  defective 
exploitation  or  construction  (damaged  pipes,  temporary  flows  of  water  during 
the  construction,  spring-season  waters  roaohing  tho  foundation  oavities,  etc.) 
local  thawing  exooedod  considerably  the  depth  of  the  effective  layer.  The 
rocurrunca  of  such  factors  is  fairly  possible,  therefore,  they  must  be  taken 
into  account  in  designing  buildings. 

At  the  same  time,  as  shown  in  table  12,  part  V  of  Nitu  118-54,  the 
calculated  resistance  of  solidly-frozen  grounds  during  the  explotation  of  the 
building  inorease3  significantly  with  the  drop  in  temperature  of  the  ground" 
at  the  levol  of  tho  foundation's  foot,  whioh  usually  can  be  obtained  by  using 
a  larger  depth  for  the  foundations. 

Taking  all  this  into  consideration.  In  Norilsk  it  became  necessary  to 
disregard  tho  reoommendations  of  NiTU  portaining  to  the  determination  of  the 
dopth  '‘or  installing  foundations  (in  Noril'sk  and  Dudinka  the  standard  depth 
for  foundations  was  3-3.5  meters)  and  to  use  for  the  oonstruotion  of  major 
buildings  tho  principle  based  on  increasing  the  oaloulated  resistance  of  the 
solidly-frozen  grounds  of  the  bed.  This  reduoed  to  a  considerable  degree  the 
probabilty  of  deformations  at  a  slight  inorease  in  the  cost  of  the  foundations. 
In  certain  oases  of  large  loads  this  solution  proved  to  be  more  eoonomio&l, 
since  the  larger  resistanoe  of  the  bed  made  it  possible  to  reduoe  considerably 
the  area  of  foundation  pit  and  of  i-os  supporting  part. 
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Particular  caution  is  needed  in  determining  the  foundation  depths  at 
places  used  for  the  water,  sewage,  and  heat-supplying  pipes  entering  the  buil¬ 
ding,  Observations  carried  out  in  Noril’sk  for  many  years  indioate  that,  even 
when  these  pipes  are  looated  in  ventilated,  open  at  both  ends,  reinforoed  con¬ 
crete  channels,  the  thawing  under  the  channels  extends  to  a  depth  of  2  and 
more  meters.  This  made  it  necessary  to  increase  the  depth  at  suoh  plaoes  up 
to  2  meters  above  the  usual  depth. 

This  was  not  taken  into  accountby  the  plans  for  Yakutsk,  In  the  future, 
the  noed  of  municipal  improvements  will  make  it  necessary  to  abandon  the  laying 
of  such  pipes  on  the  surface  and  to  switch  to  underground  looations;  this  will 
be  difficult  to  accomplish  due  to  the  inadequate  depth  of  already  installed 
foundations. 

During  the  early  period  of  planning  for  Horil'sk  and  Dudinka,  wooden 
gratings  or  pads  of  sand  were  installed  under  the  concrete  or  concrete-rubble 
foundations,  as  recommended  by  UiTTJ  118-54,  part  III,  par. 23.  Experience,  how¬ 
ever,  has  shown  that  the  use  of  gratings  or  of  sand  pads  in  many  oases  is  not 
a  mattor  of  necessity,  it  only  increases  the  costs  considerably  due  to  the 
need  of  deeper  foundation  pits  and  to  the  need  of  thawing  and  drying  the  sand 
pads  during  the  winter,  more  than  that,  in  man^  oases  the  use  of  wooden  grates 
impairs  the  structure.  Their  loose  oontaot  with  the  foundation  bed  due  to  the 
uneveness  at  the  bottom  of  pit  or  the  use  of  round  timber  for  the  grates  will 
result  in  larger  tensions  and,  therefore,  in  foundation  saggings. 

In  erecting  ooncrete  or  ooncrete-rubble  foundations  direotly  on  the  sur¬ 
face  of  the  grounds,  if  the  ooncrete  is  heated  eleotrioally  or  the  foundation 
pits  are  kept  open  during  the  summer  days  until  the  concrete  gains  in  strength, 
then  the  thawing  of  the  grounds  at  the  foot  of  the  foundations  usually  does  not 
result  in  saggings  that  may  interfere  with  the  subsequent  work,  while  the 
permafrost  state  of  the  grounds  can  be  restored  before  the  foundations  begin  to 
support  their  loads. 

The  use  of  sand  pads  is  necessary  only  for  foundations  ereoted  on  beds 
of  buried  ice  or  on  grounds  with  large  inclusions  of  ioe.  In  Yakutsk,  wooden 
grates  are  used  without  fail,  even  in  erecting  assembled  reinforoed  oonorete 
foundations;  this  increases  without  reason  the  construction  costs,  just  at  the 
heat- insulation  of  the  ground  surface  in  the  spaoe  under  the  floors,  as  recom¬ 
mended  by  NiTU  118-54,  part  37,  par.  V. 

Monolithic  oonorete  and  reinforoed  oonorete  foundations  are  intricate 
and  time-and-labor  consuming,  particularly  when  work  is  performed  during  the 
winter  season.  The  heating  of  the  laid  ooncrete  by  steam,  which  is  widely 
used  in  Yakutsk,  is  very  labor-intensive,  makes  it  necessary  to  build  a  double 
enclosure  and  install  temporary  steam  pipes,  or  boilers  of  the  locomobile  type. 

Most  economical  and  least  labor-intensive  is  electric  heating  of  the 
concrete.  Electrically  heated  ooncrete,  however,  gains  only  about  70?S  in 
strength  (SNiP  [construction  standards  and  rules]  chapter  VI,  part  2).  From  the 
wide  use  of  eleotrioally  heated  concrete  in  Noril'sk  it  was  established  that 
even  this  peroent  of  gained  strength  is  difficult  to  obtain.  At  low  tempera¬ 
tures,  the  gain  in  strength  is  discontinued  as  soon  as  the  heating  is  stopped 
During  the  winter  season,  foundations  become  oovered  with  frozen  soil  and  their 
bottom  has  all  the  time  a  temperature  below  zero  due  to  its  looation  amidst 
the  permafrost  grounds. 
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The  part  of  the  foundation  projeoted  above  the  ground  may  aoquire  the 
strength  specified  by  the  design  during  the  spring- summer  period;  this  can 
assure  the  durability  of  the  building  only  in  that  oase,  if  the  fundation  is 
not  subjected  to  the  full  load  required  by  the  design  before  it  aoquires  the 
strength  specified  by  the  design.  Some  part  of  the  foundation  looated  in  the 
effective  zone  will  be  subjeoted  to  thawing  during  the  summer,  but  the  low 
temperature  of  the  conorete  will  not  provide  the  conditions  required  for  a 
further  gain  in  strength. 

A  study  of  oolumn-type  foundations  with  electrioally  heated  oonorete 
has  shown  a  strength  from  25  to  70^  for  the  ooncrete  located  in  the  ground. 

The  was  one  of  the  main  reasons  for  the  collapse  of  a  section  of  a  Noril'sk 
5-story  residential  building  which  ooourred  in  1957  (see  Pig.  108).  At  the 
present  time,  the  design- strength  of  foundations  using  electrically  heated 
oonorete  is  obtained  by  using  a  grade  of  oonorete  with  a  strength  higher  than 
oalled  for  by  the  design.  For  example,  the  150  kg/amz  grade  of  oonorete  is 
used  when  the  design  requires  for  the  foundation  body  a  oonorete  with  a  strength 
of  100  kg/cmz. 

The  digging  of  foundations  pits  requires  muoh  time  and  labor.  There 
ore  no  raeohanisms  for  improving  the  frozen  groiinds.  The  work  is  performed  ty 
pneunatio  drills  or  by  boring  and  blasting  small  holes.  In  order  to  reduoe  the 
volumo  of  earth-digging,  for  construction  in  Noril'sk  use  was  made  of  the  method 
of  pouring  ooncrete  without  the  encasing  mold,  i.  e.,  the  pits  were  dug  on 
three  sides  to  the  size  required  by  the  foundation  body.  The  plaoe  to  be  occu¬ 
pied  by  the  foot  of  the  foundation  was  widened  (by  underdigging).  One  of  the 
sides  of  the  pits  was  dug  wider  than  the  dimension  of  the  foundation  with  an 
enclosing  mold  inserted  there.  This  made  it  possible  to  inspeot  the  surfaoe  of 
the  conorete.  Howevor,  the  opening,  first  selectively  and  later  of  all  foun¬ 
dations  concreted  without  the  use  of  enclosing  molds,  had  shown  that  an  abso¬ 
lute  majority  of  the  foundations  had  shoes  with  dimensions  not  specified  by 
the  design,  while  the  height  of  the  ledges  did  not  provide  the  shoes  with  the 
strength  called  for  by  the  design.  The  foundation  eolumns  proved  to  be  so 
narrow  that  most  of  them  had  oross  sections  of  no  more  than  50/J  of  those  spe¬ 
cified  by  the  design  (Fig.  61).  The  strength  of  the  oonorete  in  the  seotions 
of  the  foundations  in  contact  with  the  walls  of  the  pits  was  considerably 
lower  than  that  of  the  design. 

’■Yith  the  oonorete  poured  at  temperatures  of  £'5-40°,  the  listed  defeots 
were  responsible  for  the  thawing  and  oollapse  of  the  ground  in  the  walls  of  the 
pits,  which  affected  the  dimensions  of  both  the  pits  and  of  the  foundations . and 
earth  i'alling  into  the  conorete  reduced  its  strength.  To  assure  durah* 1  4 ty  for 
the  buildings,  a  considerable  part  of  foundations  had  to  be  strengthened  by 
rings  of  reinforoed  concrete  and  the  remainder  had  to  be  concreted  anew.  The 
pouring  of  concrete  for  foundations  by  this  method  was  later  abandoned. 

The  high  oost  and  the  difficult  work,  particularly  during  the  winter, 
make  the  use  of  monolithio  oonorete  foundations  unprofitable  for  residential 
cultural-general  purpose  and  oarcassless  industrial  buildings,  whioh  should 
bo  oracted  on  piles  or  assembled  reinforced  concrete  foundations.  Monolithic 
colur.n-type  foundations  can  be  permitted  for  use  only  for  earcassed  buildings 
erected  on  beds  of  rook  or  thawed  grounds  in  aooordanoe  with  the  method  requi¬ 
ring  no  preservation  of  the  bed's  permafrost  state.  In  this  oase  it  is  neces¬ 
sary  to  take  into  acoount  the  reducod  strength  of  the  oonorete,  depending  on 
the  method  of  pouring  and  the  temperature  of  the  surrounding  greunds. 


Fig.  61.  Colunfc-type  foundations 
with  oonoroto  poured  without  uao 
of  molds.  l)aotual(  2)  as  called 
for  by  the  design 


Fig.  62.  Assembled  column- type 
oonorete  foundations. 

1)  Joined  with  ooment  mortar j 

2)  riew  along  a-a. 


Aasomblod  foundations 

Assomblod  foundations  wero  used  in  llorll'sk  since  1939  during  the  con¬ 
struction  of  the  buildings  of  tho  mochanioal  plant.  The  consisted  of  ordinary 
roinforoo-i  concrete  shoes  with  tho  columns  insertod  into  their  oups.  Their 
dofoot,  although  this  design  is  still  in  use,  is  the  difficulty  of  making  one 
pioco  out  of  column  and  the  shoe  during  tho  vrintor  soason. 

Assomblod  oolumn-typo  foundations  mads  of  oonorete  blooks  r/oro  uaod  for 
tho  construction  of  the  70-th  stroot  of  tho  city  (Fig.  62).  Lator,  howover, 

LI  bocano  noco.-.sary  to  uoandon  this  type  of  foundations  for  tho  following  roa- 
son3.  Tho  joining  of  th<?  blocks  with  mortar  is  Tory  difficult.  Tho  deposited 
nortur  froze  long  before  the  leToling.  This  resulted  in  seams  5  to  7  cm  thiok. 
It  was  Tory  difficult  to  harden  and  increaso  the  strongth  of  the  mortar.  The 
foun Lotions  made  of  blooks  Joinod  by  the  method  of  freezing  the  mortar  sagged 
considerably  duo  to  tho  thawing  of  the  socuns.  During  the  autumn  freezing  of 
tho  ground,  the  foroeo  due  to  swelling  damaged  the  foundations  not  loaded  with 
v.oight  of  the  building. 

Of  tho  assembled  roinforood  oonorote  foundations  used  at  tho  present 
economically  more  suitable  are  tho  ones  derelopod  by  the  Yakutsk  project. 
It  G..cild  bo  added  that  these  foundations  wore  used  for  many  industrial  and 
ru^uuntial  buildings  of  Yakutsk.  Thoir  repeatod  application  and  tho  desire  to 
stund-.rdizo  tho  diitensions  to  help  their  production  serred  as  a  basis  for  the 
typos  of  tho  desipas  for  foundations  and  gratings  (Table  2).  Foundations  of 
this  type  oan  be  reoommended  for  uso  in  the  areas  of  the  Extreme  North,  because 
they  aro  doformed  by  the  foroes  of  uwolling  and  they  or#  less  oostly  and  less 
d  ifficult  to  build  than  the  monolithio  Taristy.  Their  application,  howeTer, 
roquiros  oertain  ohangss  in  their  design. 
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Table  2 

Assembled  reinforced  oonorete  foundations  used  in  Yakutsk 


icoyj  1)  foundation  type;  2)  akotoh;  3)  length,  on;  4)  oroee 

eeotion  of  sten,  on;  5}  dimensions  of  shoe,  mi  50  =  up  to. 
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The  dimensions  of  the  foundation  shoes  must  in  all  oases  be  derived 
depending  on  the  calculated  resistance  of  the  grounds.  In  determining  the 
area  of  the  cross  section  and  the  reinforcement  of  the  foundation  stem  it  is 
necessary  to  take  into  account  the  bending  moment  inavoidably  created  by  the 
v/ind.  In  addition,  in  places  containing  underground  pipes,  the  foundation 
depth  must  exceed  the  length  of  the  assemnled  foundations  used  in  Yakutsk. 
This  depth  must  be  determined  by  the  conditions  existing  in  the  oonstruotion 
area.  In  Noril'sk,  the  foundation  depth  at  the  places  with  underground  pipes 
is  not  less  than  7-7  motors.  The  use  of  wooden  gratings  should  be  avoided; 
they  increase  considerably  the  cost  of  foundations  and  impair  the  operating 
conditions  of  the  structures. 


Wall  beams 

Conorete  column-type  foundations  and  reinforoed  conorete  wall  beams  are 
widoly  used  in  construction  of  multi-story  buildings  in  Noril'sk,  Dudinka,  Vor- 
kuta,  Igarka,  eto.  (Fig.  63).  In  Yakutsk  are  widely  used  reinforoed  conorete, 
column- type  foundations  with  assembled  beams  made  into  one  pieoe  on  the  sup¬ 
ports,  or  with  monolithio  reinforoed  conorete  wall  beams. 


Fig.  63.  Conorete  foundations  and  reinforced  concrete 
wall  beams  of  multi-story  buildings 

1)  tar  paper;  2)  brick  protection  of  the  spaoe  under  the  floor; 
3)  sand  pad;  installed  only  on  ice-saturated  grounds. 


In  designing  the  wall  beams  and  foundations  in  accordance  with  the  data 
of  NiTIJ  (standards  and  spocif ioations)  the  temperature  stresses  were  not  taken 
into  account,  because  the  distances  between  the  "temperature  seams"  usually 
did  not  exoeed  the  standard  distances.  However,  the  work  performed  in  the  re¬ 
gions  of  the  Extreme  North  at  low  temperatures  and  the  long  duration  of  the 
frozen  state  of  the  effective  layer  oreate  special  conditions  for  the  struc¬ 
tures,  Tho  wall  beams  and  foundations  are  subjected  to  temperature  stresses 
capable  of  their  destruction.  Aftor  the  eleotrically  or  steam  heated  concrete 
gains  in  strength  and  the  structure  is  cooled,  the  temperature  difference  fre¬ 
quently  exoeeds  100  degrees.  During  this  time  the  foundation  stems  are  held 
tight  by  the  praotioally  incompressible  frozen  grounds  of  the  effective  layer, 
’.Then  a  wall  beam  is  Joined  as  one  pieoe  with  the  foundations  and  the  beam  is 
at  an  insignificant  height  above  the  surface  of  the  earth,  the  use  of  tempera¬ 
ture  seams  at  different  foundations  as  it  is  done  in  Yakutsk  (Fig.  64)  will 
not  reduoe  the  temperature  stresses. 
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Fig.  64.  Temperature  seams  in  reinforced  oonorete  wall  beams 

as  made  in  Yakutsk 

The  above  statement  id  confirmed  by  the  fact  that  in  oertain  buildings 
in  Yakutsk,  Noril’sk,  and  other  cities  where  the  wall  beams  are  joined  as  one 
pieoo  with  the  foundations,  the  beams  and  occasionally  also  the  columns  of 
the  foundations  contain  oracks.  Reduced  temperature  stresses,  as  it  is  con¬ 
firmed  by  the  praotice  in  Norilsk,  can  be  obtained  in  the  following  manner. 
For  performing  the  work,  the  plan  should  have  a  clause  requiring  that,  under 
winter  conditions,  simultaneneous  concreting  of  eieotrioally  or  steam-heated 
wall  booms  may  be  performed  only  for  separate  sections  not  exceeding  6-7 
meters  in  length,  and  in  case  of  uncut  beams  —  only  over  one  span.  Pouring 
of  concrete  oan  be  continued  only  after  the  oonoreted  seotions  are  cooled. 

The  distance  between  temperature  seams  should  not  exceed  12-15  meters,  and 
should  not  always  be  combined  with  temperature  seams  made  during  the  laying  of 
the  walls.  It  is  recommended  to  make  suoh  seams  unser  the  windows  with  the 
wall  out  only  to  the  bottom  of  the  sill. 


Fig.  65.  Formation  of  oraoks  in  foundations  and  wall  heams 

In  monolithic  reinforced  concrete  wall  beams  separated  structurally 
from  column-type  foundations  by  iron  sheet  gaskets  or  roofing  material,  no  tem¬ 
perature  stresses  should  appear  (theoretically)  during  the  concreting  of  the 
artificially  heated  wall  beams,  because  of  their  ability  to  movo  along  the 
foundation.  In  praotioe,  however,  temperature  stresses  do  appear  in  the  beams 
due  to  the  non-horizontal  position  of  the  gaskets  and  their  freezing  to  the 
bulk  of  the  foundation.  After  the  walls  are  ereoted,  their  action  on  the  foun¬ 
dation  is  so  pronounced  that  the  force  of  friotion  eliminates  the  possibility 
of  the  beam  sliding  along  the  foundation.  Temperature  stresses  are  the  oause 
of  cracks  formed  in  wall  beams  and  foundations  (Fig.  65).  The  size  of  the 
cracks  makes  it  necessary  to  teinforce  the  structures.  For  example,  the  oraoks 
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:  crr.od  in  tho  wall  beans  at  the  supports  of  &»story  buildings  in  Noril'sl  made 
it  necessary  to  reinforoe  the  buildings  with  metal  struotures  (Pig*  66)* 


Pig*  66.  >7*11  beams  reinforced  by  metal  struotures 


Pig.  67.  Foundation  and  v:all  boons  roinforeod 
by  ring*  of  roinforeod  eoncroto 

.'ho  surability  of  tho  buildings  wo  nonacod  even  to  a  groator  extent  by 
cr.>c..5  formed  at  the  headstalls  of  tho  foundations.  This  made  it  nocossary  to 
acrongthon  the  foundation  oolxmns  with  roinforoed  oo&orete  rings.  In  cortain 
cu5os,  whore  the  oraoks  in  the  wall  bonne  appeared  at  the  sipports,  the  rings 
oro  .vidonod  at  the  sides  of  the  damaged  beams  forming  thereby  braokets  to 
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support  tho  undamaged  sections  (Fig.  67).  It  should  be  added  that  the  tempera¬ 
ture  stresses  which  oaused  the  formation  of  cracks  in  the  foundation  headstalls 
wore  one  of  the  reasons  for  the  oollapse  of  a  section  of  a  Ncril'sk  5-story 
residential  house  (Fig.  108). 

The  following  design  were  developed  later  to  reduce  the  temperature 
stressos  in  monolithic  wall  beams  and  to  avoid  the  formation  of  oraoks  in  the 
f  oundations.  In  monolithic  uncut  wall  boams  the  temperature  seams  were  made  at 
intervals  of  12-15  meters  on  brackets.  Frequently  they  did  not  coinoide  with 
tho  seams  in  the  briok  wall,  but  wore  located  in  the  span  under  the  windows  or 
the  apertures.  The  design  had  a  clause  concerting  the  pouring  of  oonorete  for 
the  wall  beams  (see  above).  The  wall  beam  was  separated  from  the  foundation  by 
gaskets  made  of  two  sheets  of  roofing  iron  or  tar  paper.  The  headstall  «f  the 
conorete  foundation  was  reinforced  by  horizontally  located  reinforoing  screens 
(Fig.  68). 


Fig.  68.  Temperature- seam  in  monolithio  wall  beam 

1)  seam  in  masonry  only  to  the  bottom  of  the  1-st  floor  window; 

2)  two  layers  of  roofing  3teel;  3)  reinforcing  soreen  of  foun¬ 

dation  headstall. 

The  use  of  assembled  or  of  monolithio  wall  beams  out  on  the  supports 
and  the  reinforoing  of  the  foundation  headstall  reduoed  oonsideranly  the  for¬ 
mation  of  oracks  in  the  beams  and  foundations,  but  oraoks  in  the  walls  appeared 
at  the  places  where  the  beams  joined  the  supports  (Fig.  69),  in  this  case,  at 
tho  most  stressed  places  —  in  the  partitions.  The  formation  of  oracks  can  be 
avoided  by  inserting  a  gasket  of  roofing  material  between  the  beam  and  the  wall 
(t.  orovide  a  certain  sliding  motion  during  temperature  deformations) , and  to 
tstaii  reinforoing  screens  into  the  masonry  anove  the  support.  By  taking  the 
steps  listed  in  the  recommendations  made  it  possible  to  avoid  the  formation  of 
cracks  which  oould  affeot  the  durability  of  the  buildings. 
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Fig,  69.  Formation  of  craoks  in  briok  walls  at  plaoes 
filled  by  seams  in  the  wall  beams 


2.  Pile-type  foundations 

Use  of  pile-typo  foundations  for  grounds 
in  permafrost  state 

Under  conditions  resulting  from  the  permafrost  state  of  the  grounds, 
piles  can  be  employed  in  the  following  cases. 

1.  For  buildings  and  structures  erected  by  the  method  of  preserving 
the  permafrost  state  of  the  foundation  beds.  In  this  case,  the  fitness  of  the 
piles  is  assured  by  their  freezing  to  the  frozen  grounds. 

2.  For  buildings  and  structures  erected  on  rooky  grounds  by  the  method 
based  on  the  assumption  that  the  grounds  may  thaw  during  the  exploitation  of 
the  buildings.  In  this  case,  the  loads  of  the  building  are  fully  transmitted 
to  the  rocky  bed  through  the  butt-end  of  the  piles. 

The  horizontal  efforts  due  to  the  winds  and  the  eocentricity  are  absor¬ 
bed  by  the  piles  rigidly  joined  to  the  supporting  structures  of  the  building. 

Pile-type  foundations  can  be  employed  also  for  thawing  foundation  beds; 
in  this  case,  the  design  and  the  their  operating  conditions  are  the  same  as 
for  conventional  suspended  piles. 

According  to  the  method  of  installation,  piles  are  divided  into  two 

typos. 

1.  Piles  driven  into  preliminarily  thawed  grounds.  As  it  is  done  in 
Uoril'sk,  Dudinka,  and  Yakutsk,  the  ground  is  thawed  by  steam  passing  through 
a  "noodle-tube"  of  30-60  mm  in  diameter,  depending  the  the  depth  of  the  driven 
piles.  The  lower  end  of  the  tube  has  an  opening  for  discharging  the  steam. 
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The  uppor  ond  of  the  tube  (the  needle)  is  connooted  to  a  rubber  hose  through 
vn-iioh  passes  the  steam  undor  a  gage  pressure  of  4-6  atmospheres.  In  fine¬ 
grained  ice- saturated  grounds,  both  the  needle  and  the  pile  descend  easily  to 
tho  thawed  depth.  In  more  solid  grounds,  both  the  needle  and  the  pile  must  be 
driven  downward  or  lowered  with  the  aid  of  a  vibrating  plunger. 

2.  Piles  lowered  into  preliminarily  bored  holes.  The  piles  are  instal-  * 
led  in  accordance  with  the  instructions  for  piles  driven  by  the  method  of  sub¬ 
sequent  freezing  tho  piles  in  tho  holes  (see  appendix). 

Tho  choice  of  design  and  dimensions  of  the  piles  depends  on  the  method 
used  for  their  installation. 

The  advantage  of  pile-type  foundations  to  be  lowered  into  preliminarily 
thawed  grounds  is  that,  in  this  caso,  it  is  possible  to  use  piles  with  large 
cross  sectional  dimensions  and,  in  oases  of  necessity,  it  is  possible  to  use 
economical  shapes,  such  as  double  T- sections,  hollow,  eto.  But,  as  shown  by 
tho  oxperionco  in  work  with  piles  in  Noril'sk  (from  1936  to  1950),  titf  instal¬ 
lation  of  piles  preceded  by  thawing  the  grounds  has  also  substantial  iefects. 

Tho  installation  of  piles  by  the  method  of  preliminary  steaming  is  always  con¬ 
nected  with  lengthening  the  time  spent  in  construction,  beoause  loading  of 
piles  is  permitted  only  after  restoring  the  permafrost  state  of  the  grounds 
surrounding  the  piles.  In  this  case,  piles  used  in  areas  with  grounds  located 
in  the  zono  of  zero  temperatures  ranging  above  -1°  (covering  no  less  than  40- 
50; .  of  the  territory  containing  permafrost  grounds)  make  it  necessary  to 
intorrupt  construction  for  6  and  more  months.  In  addition,  preliminary  thawing 
with  the  aid  of  the  steam  needle  is  difficult  and,  at  time,  is  impossible  in 
tho  presence  of  boulders  and  fragnental  rooks. 

Tho  advantages  of  using  pile-foundations  installed  in  preliminarily 
bored  holes  are  due  to  the  simplicity  of  operations.  In  praotioe,  the  piles 
installed  in  hole3  bored  by  cablo-percussion  rigs  are  lowered  by  the  workers 
attending  tho  rig.  Electrical  power  is  supplied  to  the  rigs  by  a  flexible 
cable.  The  cost  of  preparing  the  site  for  boring  is  reduoed  only  to  the  cost 
of  bringing  tho  electric  power  lines.  At  the  present  time,  foundations  on 
piles  installed  in  preliminarily  bored  holes  ore  the  only  ones  used  for  civil 
and  industrial  buildings  ereoted  in  Noril'sk  by  the  method  of  preserving  the 
permafrost  state  of  the  grounds. 

All  buildings  and  structures  erected  on  pile-foundations  satisfy  the 
requirements  for  durability  and  exploitation,  which  testifies  to  the  correct¬ 
ness  of  thoir  design. 


Foundations  for  industrial  buildings  and  structures 

Tho  use  of  pile-foundations  in  construction  of  industrial  buildings  and 
structures  began  in  Noril'sk  during  the  early  years  of  its  construction 
activity.  Tho  supporting  capacity  of  the  piles  was  determined  by  the  stress 
allowed  in  the  pile  frozen  together  with  the  ground.  The  strength  of  the 
piios  was  determined  in  accordance  with  the  standards  and  specifications  in 
7orce  at  that  time.  Piles  we re  lowered  into  the  ground  which  was  first  thawed 
by  a  stoam-ne idle.  The  buildings  and  structures  desoribed  below  oan  serve  as 
examples  of  the  designs  used  during  that  period. 
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Fig.  70.  Longitudinal  section  of  Noril'sk  brickyard  No  2 

1)  kilns 

The  Noril'sk  briokyard  No  2  had  its  building  ereoted  on  f ino-grainod, 
ioo-fillod  groimds.  The  designing  and  construction  wore  completed  in  1937- 
1940.  The  building  lias  a  ventilated  space  under  the  floors  to  a  height  of 
1.2  tp  1,6  motors  (Fig,  70).  The  length  of  the  pilos  was  in  accordance  with 
thoir  supporting  capaoity  resulting  from  .heir  freezing  to  the  permafrost 
grounds.  In  dosigning,  two  versions  wrre  undor  consideration!  reinforced 
concrete  or  wooden  piles,  Wooden  pilos  were  selected,  in  view  of  the  10-15 
yoars  of  sorvice  life  expected  for  the  brickyard. 

Similar  pile-foundations  were  used  in  constructing  the  temporary 
electric  power  station  in  Dudinka  in  1938-1940,  the  district  boiler  rooms 
(Fig.  71),  and  several  other  industrial  buildings.  Pile-foundations  whioh 
aro  installod  by  softening  the  ground  with  stoao  have  found  a  wide  application 
during  tho  erection  of  engineering  structures.  In  1946,  for  example,  the  TETa 
trestle  for  the  water  line  of  the  rivor  Noril'skaya  was  ereoted  on  piles  over 
a  route  consisting  mostly  of  ioo-fillod  grounds  in  permafrost  state  (Fig.  7<i). 
The  same  principle  was  used  in  1946  for  building  the  TSTs  trestle  for  removal 
of  water  und  ashes,  eto. 

During  a  somewhat  later  period,  the  installation  of  piles  as  founda¬ 
tions  with  prolimina.y  thawing  of  tho  grounds  was  widely  used  in  construction 
of  high-voltage  linos,  snow-proteoting  fences,  bridges,  eto.  However,  the  dif¬ 
ficult  work  of  thawing  the  grounds,  tho  presence  in  the  soil  of  large  pieces 
of  fragmental  materials,  and  also  the  unavoidable  prolonged  interruption  of 
work  due  to  tho  restoration  of  the  permafrost  state  of  the  g-ounds  made  it  in 
many  cases  unprofitable  to  use  pil©3  which  are  installed  by  p  -eliminary  sof- 
toning  the  grovcid  with  steam. 

For  industrial  buildings,  the  wide  application  of  pile-foundations 
with  preliminary  boring  of  holes  began  in  1958.  The  piles  are  round  in  shape 
with  30  om  in  diameter  and  a  length  in  aooordanoe  with  the  planned  design  of 
the  building.  Examples  of  application  of  piles  in  pruotioe  for  construction 
of  industrial,  warehouse,  and  engineering  structures  are  given  below. 
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Fig.  71.  Noril’sk  boiler  room  on  wooden  piles 
a)  seotional  view;  b)boiler  foundation;  o)  foundation  for  pipes. 

1)  concrete  grating;  t)  pil®. 

Several  ware house-buildings  are  built  on  fine-grained,  ice-saturated 
r rounds.  The  buildings  are  unheated  which  helps  to  preserve  the  permafrost 
state  of  the  grounds  without  the  need  of  a  ventilated  space  under  the  floors. 
Tho  reinforced  concrete  piles  serve  also  as  the  carcass  of  the  buildin  tFig. 
73).  In  view  of  the  insignificant  vertical  loads,  the  depth  used  for  the 
niles  was  based  on  the  minimum  distunce  neoessary  to  seal  the  piles  in  the 
nsmofrost  thickness  of  the  grounds  which  can  counteract  the  forces  due  to 
swelling  during  the  freezing  of  the  active  layer,  and  on  the  magnitude  re¬ 
quired  to  absorb  the  normal  efforts.  By  providing  durability,  this  solution 
"ado  it  possible  to  reduce  considerably  the  cost  of  the  building  and  the  work- 
intensity,  as  compared  with  warehouse  of  the  same  volume  built  on  columnar 
foundations. 

The  building  of  the  main  step-down  substation  was  built  in  a  mountain¬ 
ous  aroa  on  a  3ite  containing  crumbling  rocky  beds  with  sheets  of  ioe.  The 
building  is  heated  and,  therefore,  required  a  ventlatod  space  under  the  floor 
(Pic-.  74).  In  this  case  use  was  made  of  interconnected  piles  joined  at  the 
layout  level  by  reinforced  concrete  grating  on  which  are  placed  the  wall 
beams.  This  design  reduoed  considerably  the  labor  efforts  and  the  cost  of 
foundations  by  15-zO%. 
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7no  building  of  tho  thonnoeloctric  central  station  was  built  on  rein¬ 
forced  concrete  pilo-type  foundations  on  an  area  of  fine-grained,  ice-filled 
grounds  by  using  the  nethod  of  prosorving  the  peraafrost  state  of  t  he  grounds. 


Fig,  12*  Tho  TST s  tro3tle  for  the  water  pipe  of  the 
Noril'skaya  River 

1)  water  line  pipej  2)  bolt  i 
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Pig,  73.  Warehouse  :>f  supply  baso,  seotional  view 


Pig.  74.  Building  of  the  min  stop-  town  substation 
a)  seotional  vIot.;  b)  view  along  ifk 
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During  the  early  stage  of  using  pile-type  foundations  ■with  the  piles 
sunk  into  bored  holes,  it  was  assumed  that  structurally  it  would  be  more  ad¬ 
visable  to  arrange  the  piles  in  two  rows  perpendicular  to  the  axis  of  the 
wall ,  since,  in  this  oase,  the  displacement  of  the  piles  from  the  designed, 
position,  or  the  displacement  of  the  T/all  can  cause  only  a  certain  redistri¬ 
bution  of  the  vortical  loads  among  the  piles  without  the  appearanoe  of  other 
bonding  moments  duo  to  the  eccentricity  (Fig.  75). 


Fig.  75.  Pile- type  foundations  of  thermoelectric  station  (TETs) 
a)  top  view  of  driven  piles;  b)  section  1-1. 

1)  for  concrete;  2)  reinforced  concrete  pile. 

The  cost  and  the  work  difficulties  in  erecting  pile-foundations  were  :  . 
both  reduced  considerably,  as  compared  with  the  version  originally  designed 
by  the  Leningrad  branch  of  Teploolektroproyekt  (Thermoelectric  Project)  which 
specified  column-typo  foundations.  Such  an  arrangement,  however,  requires 
larger  volumes  of  monolithic  concrete. 

rhe  experience  with  sinking  piles  into  already  bored  holes  made  it  pos¬ 
sible  to  prepare  temporary  instructions  for  work  with  piles  under  permafrost 
conditions  of  the  grounds  by  the  mothod  of  driving  piles  into  preliminarily 
bored  holes,  which  limit  the  tolerances  permitted  during  the  work  (see  appendix). 
These  instructions  oro  based  on  a  possible  displacement  of  piles  during  the 
•work  of  up  to  ±  5  cm  from  the  position  specified  by  the  design.  In  complying 
with  this* oondition,  it  proved  to  be  more  expedient  to  arrange  the  piles  in  a 
single  row  and  to  the  eccentricity  into  account  for  the  design  of  the  piles, 
rather  than  to  arrange  the  piles  in  two  rows  with  the  outer  facet  of  the 
grating  protruding  by  65-70  cm  beyond  the  boundaries  of  the  wall,  which  as  a 
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rule,  nakos  it  accessary  to  sink  the  grating  into  the  ground.  This  is  connoo 
ted  with  extensive  earth-digging  work  and  larger  volumes  of  conorote  and  rein¬ 
forced  concrote,  and  there  is  also  -he  danger  of  damaged  foundations  caused 
"by  the  forces  duo  to  swelling  of  the  grounds. 


( 


Fig.  76.  Design  of  pile-foundations  for 
caroassless  industrial  buildings 

1)  cover  for  space  vmder  floor;  2)  upper 
boundary  of  grounds  in  permafrost  state 

Based  on  the  experience  with  designing  in  IToril'sk  of  both  unheated 
and  heated  industrial  buildings  erected  by  the  method  of  preserving  the  perma¬ 
frost  state  of  the  ground  bods  by  using  ventilated  space  under  the  floors, 
the  follovring  designs  can  be  recommended  for  pile-type  foundations. 

1.  For  caroassless  heated  buildings  the  piles  should  be  installed  in 
a  single  row.  The  in-plan  arrangement  of  the  piles  should  be  such  that  will 
make  their  axesto  ooinoide  as  much  as  possible  with  the  centre  of  gravity  of 
the  vortical  louds  (Fig.  76).  Vertical  loads  applied  outside  the  centre  will 
create  bending  moments  M^  at  the  junction  of  the  pile  with  the  grating 

1IX  =  Pex 

where  P  -  the  vertical  load  per  pile  specified  in  the  design; 

e^-  the  eccentricity  obtained  from  the  displacement  in  the  direction  of 
design  load  from  the  vertical  axis  of  the  pile. 

In  designing  the  grating  and  its  junction  with  the  pile  it  is  neoessary 
to  take  into  account  the  bending  moment  M2  resulting  from  the  permitted  dis¬ 
placement  of  piles  from  their  design-position  during  the  work 

m2=  Po2 
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•whore  e2  -  the  magnitude  of  the  permitted  displacement  of  the  pile  from  the 
position  specified  by  the  design  during  the  performance  of  work. 

Consequently,  the  junction  of  the  pile  and  the  grating  is  designed  to 
take  care  of  the  forces  in  the  section  I-I  (Fig.  77),  namely,  the  vertical 
load  P  and  the  bending  moment  in  section  I-I 

Mj_j  —  Mi  +  ll2 

The  bending  moment  in  the  junction  of  the  pile  with  +he  grating  can  be 
avoidod  by  joining  rigidly  the  cover  above  the  ventilated  space  under  the 
floor  with  the  grating  (preventing  thereby  rotation  of  the  section)  to  assure 
tho  durability  of  the  structures  located  above.  In  this  case,  the  junction  of 
the  pile  with  the  grating  can  be  designed  as  a  hinged  joint.  However,  the 
experience  with  designing  and  constructing  buildings  on  pile-foundations  in 
IToril’sl:  proved  that  it  is  more  advisable  to  build  the  covers  from  assembled 
plates  resting  on  the  grating  in  an  hinged  manner,  and  to  join  rigidly  the 
piles  to  the  grating  to  assure  the  durability  of  the  structures  located  above. 

A  belt-type  grating  serves  simultaneously  as  a  wall  beam  supporting 
the  structure  located  above  and,  in  view  of  this,  the  mark  for  the  top  of  the 
grating  usually  corresponds  to  the  mark  for  the  bottom  of  the  assembled  plate 
of  the  cover  above  the  space  under  the  floor  of  the  building. 

In  determining  the  bending  moment  appearing  in  the  piles,  it  is  assumed 
that  the  entire  load  caused  by  the  wind  is  transmitted  uniformly  to  all  piles 
of  the  building  (for  the  assmbled  components  of  the  .cover,  this  is  obtained 
by  one-piece  seams  of  the  joints)  and  is  applied  the  level  of  the  oover 
above  the  ventilated  sub-floor  space. 


Fig.  77.  Diagram  of  forces  acting  on  piles 
arranged  in  single  rows 

a)  diagram  of  normal  forces;  b)  diagram  of  bending  moments 
1)  the  ground;  2)  effective  layer 

Tho  maximum  bending  moment  in  piles  caused  by  the  wind  appears  at  tho 
levol  of  the  surfaoe  of  the  permanently  frozen  grounds  (the  passive  resistance 
of  tho  grounds  of  the  effective  layer  is  nit  taken  into  account,  because  the 
fine-grained,  ice-saturated  grounds  have  upon  thawing  an  insignificant  suppor¬ 
ting  capacity.  At  the  same  section  (Fig.  77,  section  II-Il),  the  pile  is 
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subjected  to  maximum  efforts,  namely,  the  normal  force  P  (the  weight  of  the 
pile  man  not  bo  taken  into  account)  and  the  bonding  moment  Uj j 


UII-II  =  MI-I  +  ^1 

where  H  -  the  horizontal  load  of  the  wind  per  each  pile; 

l-x  -  tho  distanoo  from  the  bottom  of  the  foundation  cover  to  the  upper 
boundary  of  the  permanently  frozen  grounds. 

Based  on  what  was  stated  above,  the  appears  the  possibility  of  using 
piles  with  sections  of  unequal  strongth,  namely,  seotion  I-I  to  absorb  the 
force  P  and  the  bonding  moment  which  determines  the  required  strength  of 

tho  pilo-grating  junction  and  tho  outlet  of  the  reinforcing  fixture sof  the 
piles;  section  II-II  determines  tho  cross  section  of  the  reinforcing  fixtures 
for  the  part  of  the  piles  and  tho  bench  mark  of  the  concrete  subjected  to 
maximum  efforts;  section  III-III  is  acted  upon  only  by  the  vertical  force 
transmitted  by  the  end  of  the  piles  to  the  ground. 

The  inoquality  of  the  forces  acting  along  the  length  of  the  piles  is 
token  into  account  in  their  design.  According  to  the  diagram  of  forces,  in 
section  I-I  (Fig.  77),  the  outlet  of  the  reinforoing  fixtures  for  making  one. 
piece  out  of  the  piles  with  the  grating  occupies  about  25%  of  the  area  of  the 
fixtures  in  tho  section  II-II,  the  section  under  the  greatest  stress.  The  fix¬ 
tures  of  the  lower  part  of  the  pile  occupy  about  50 %  of  the  area  of  the  part 
of  tho  pile  which  is  under  the  greatest  tension. 

The  supporting  oapaoity  of  a  pile  is  determined  by  the  equation 

*  -  Vm  +  ”l 

where  ?  -  the  vertical  load  per  pile  specified  in  the  design; 

3  _  the  resistance  by  the  forces  resulting  from  freezing  the  permanently 
m  frozen  ground  to  the  side  of  the  pile  (table  7,  NiTU  118—54); 

j>  _  the  area  of  the  side  surface  of  the  pile  located  in  the  midst  of 
m  the  permanently  frozen  ground; 

R  -  the  resistance  of  the  permanently  frozen  grounds  of  the  bed,  as  spe¬ 
cified  by  the  design  (table  12,  NiTU  118-54); 

F  -•  the  area  of  the  lateral  cross  section  of  the  pile. 

In  performing  the  work,  it  is  rather  impossible  to  install  the  piles 
with  their  tops  at  the  same  height;  it  is  also  practically  very  difficult  to 
obtain  even  the  tolerances  of  +  10  cm  allowed  by  the  instructions  for  work 
with  piles  under  the  permafrost  conditions  of  the  grounds  by  the  method  of 
inserting  piles  into  already  bored  holes.  Taking  into  account  the  difference 
between  the  marks  for  the  tops  of  the  piles,  and  also  the  role  played  bythe 
rigidity  and  strength  of  the  junction  in  providing  durability  for  the  buil- 
di^-s  the  prating  in  Noril’sk  are  made  of  monolithic  reinforced  concrete. 

This  assures  the  durability  for  the  buildings  and  oan  be  recommended  for  use 
in  other  regions  of  the  Extreme  North. 
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2.  For  carcassed  buildings,  the  presence  of  large  concontrated  forces 
(normal  forces  and  bending  moments-)  moke  the  interconnected  arraagemont  of  the 
piles  necessary.  Depending  on  the  type  of  the  building  (heated  and  containing 
a  ventilatod  space  under  the  floor,  or  unhoatod)  and  on  its  design,  the  grate 
i3  either  of  the  low-height  typo  (Fig.  73)  or  the  tall  type  of  the  variety 
of  gratings  used  for  onrcassless  buildings.  The  method  U3ed  for  calculating 
both  the  strength  of  the  piles  and  the  supporting  oapaoity  of  the  ground  beds 
is  not  different  from  the  method  used  for  piles  of  carcassles3  buildings  • 


Fig.  78.  Reinforced  concrete  pile-foundations  for 
the  columns  of  the  building's  carcasses 
1)  anchor  bolts  for  securing  the  columns;  2)  pad  of 
slag  used  for  swollen  grounds 

3.  For  engineering  structures  (high-  and  low- voltage  networks,  snow- 
pro  t  cting  fences,  etc.)  the  construction  of  foundations  i3  in  many  oases  ox- 
tremoly  difficult.  The  construction  of  foundations  with  the  piles  installed 
in  already  bored  holes  served  to  lower  the  cost  and  make  the  work  less  diffi¬ 
cult.  For  this  reason,  such  structures  as  mentioned  above  are  erected  at  the 
present  time  in  lloril'sk  on  pile- type  of  foundations.  As  an  example  can  be 
mentioned  the  connecting  gallery  of  the  mine  16-18.  In  this  case,  the  piles 
serve  simultaneously  a3  the  stands  for  the  trestle,  while  the  monolithic  grate 
at  the  top  serves  as  the  foundation  for  the  supporting  structures  of  the 
gallery  (Fig.  79). 

In  places  where  the  height  of  the  structure  is  such  that  the  piles  are 
unable  to  sustain  the  force  of  the  winds,  above  the  surface  of  the  grounds 
are  installed  tie  pieces  for  the  winds (made  of  metal  or  reinforced  concrete). 

In  construction  of  snow-protecting  fences,  electrical  transmission  lines,  eto., 
the  piles  serve  at  the  same  time  also  as  the  above-ground  support  for  the 
structure.  An  efficient  design  that  can  be  recommended  for  snow-protecting 
fences  would  be  a  combined  structure  consisting  of  l*oinforoed  conorete  suppor¬ 
ting  piles  and  wooden  snow-protecting  shields  (Fig.  80). 
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Fig.  79.  Connouting  gallery  of  mine  16-18 

a)  dosicn  of  foundations,  oiles,  and  gratings;  b)  general 
view  of  the  gallery j  o)  eeotion  1-1  j  d)  aeotion  2-2. 
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Fig.  80.  Snow-protecting  fence  on  reinforced  concrete  p-Hes 
a)  general  view;  b)  side  view*  1)  pile  (St)  diameter  30  am 
length  800  cm;  2)  pile  (So)  dia  =  30  cm,  length  400  cm; 

bracing. 

Note:  additional  S2  piles  and  bracings  are  installed  only  in  thdse-' 
cases  when  the  the  length  of  the  main  piles  does  not  provide 
the  strength  to  withstand  the  winds. 


Foundations  for  residential  and  general 
cultural  service  buildings 

The  use  of  pile-foundations  for  the  vrooden  houses  in  Noril'sk  and  Du¬ 
dinka  which  use  piles  installed  in  preliminarily  bored  holes  began  in  1936. 

For  residential  stone  houses,  pile-foundations  were  first  used  in  1943  (Fig. 
81).  The  use  of  pile- type  foundations  was  made  necessary  by  the  engineering 
•and  geological  features  of  the  construction  site.  Under  a  cover  of  mos3 
vegetation  was  a  very  deep  layer  of  fine-grained,  ice-saturated  grounds  with 
separate  inclusions  of  buried  ice.  '.Then  thawed,  the  grounds  acquired  the 
viscosity  of  a  fluid. 

^hen  undis-cvirbed,  the  thickness  of  the  effective  area  varied  from  40 
to  60  centimeters.  Mth  the  oover  of  vegetation  removed,  the  seasonal  thawing 
of  the  ground  increased  to  a  depth  of  up  to  1.5  meters.  The  temperature  of 
the  ground  in  the  zone  of  the  annual  zoro-range  amounted  to  -0.8°.  According 
tjj  tho  standards  (OSX  90032-39)  in  force  at  that  time,  the  erection  of  major 
buildings  and  structures  on  column-type  foundation  by  using  high- temperature, 
ne-.jafrost  grounds  containing  ioe-sheets  and  ice- lenses  was  not  permitted, 
even  when  constructed  by  the  method  of  preserving  the  permafrost  state  of  the 
foundation  beds.  For  this  reason,  such  buildings  were  ereoted  on  wooden  piles 
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with  low  concroto  gratings.  Tho  Tatter  was  set  to  a  depth  at  which  its  foot 
was  located  bolow  tho  upper  bo:mdary  of  tho  permafrost  grounds.  The  timbor, 
due  to  its  location  in  the  zono  of  permanently  frozen  grounds,  was  prevented 
from  destruction  and  from  bulging  out  the  foundation  by  the  swelling  forces 
of  the  grounds  along  the  foot  of  the  grating.  The  grating  was  made  with 
sloping  facets  to  reduce  the  forces  due  to  swelling  which  acted  upon  the  sur¬ 
face  of  its  sides.  Tho  softening  of  the  ground  by  stoam  and  tho  installation 
of  tho  piles  we  re  performed  during  tho  winter.  For  this,  the  pits  for  the 
gratings  woro  left  open  during  the  entire  period  of  subzero  temperatures  to 
assuro  tho  restoration  of  tho  permafrost  state  within  3-4  months. 

s 

[ 

Although  tho  reliability  of  this  method  was  confirmed  by  tho  exploi¬ 
tation  of  tho  buildings  for  many  years,  it  should  be  noted  that  the  building 
of  foundations  with  wooden  piles  and  low  gratings  is  very  diffioult,  it 
requires  ou r t h- digging  operations  for  the  gratings,  it  is  non-productive  and, 
therefore,  cannot  bo  recommended  for  future  use;  it  is  of  interest  only  as 
one  of  tho  stages  in  mastering  the  installation  of  pile-type  foundations  for 
the  areas  with  permanently  frozen  grounds. 

Tho  mastering  of  the  installation  of  piles  into  already  bored  holes 
and  the  introduction  of  this  method  in  the  praotice  of  building  foundations 
oponod  wide  prospects  for  productive  ereotion  of  foundations. 

Tho  dovolopmont  of  designs  of  pile-foundations  for  residential  and 
cultural  and  general  purpose  buildings  gave  rise  to  many  problems  which  were 
not  successfully  solved  by  the  designs  of  the  early  buildings.  Only  by  a 
thororough  study  of  the  experience  with  construction  and  exploitation  of  the 
buildings  ereoted  on  pile-foundations  it  was  possible  to  improve  gradually 
tho  designs  and  to  find  the  most  efficient  designs  for  pile-type  foundations. 

As  an  example  are  the  early  designs  which  are  widely  used  at  the  pre¬ 
sent  time  in  the  construction  practice  of  Noril’sk, 

1.  Two-row  installation  of  the  piles.  The  first  5-story  residential 
buildings  we re  designed  with  the  groups  of  piles  arranged  in  two  rows  (Fig. 

82).  Under  each  partition  was  installed  a  group  of  204  piles.  The  advantage 
of  this  design  is  that  no  bendine  moment  will  aopear  in  the  junction  of  the 
pilo  with  the  grating  in  case  the  piles  or  the  walls  are  displaced  during 
their  installation.  At  this,  the  jamming  of  the  piles  by  the  grating  and  by 
the  ground  makes  it  possible  in  calculating  the  force  of  the  wind  to  consi¬ 
der  tho  structure  made  of  piles  as  a  frame,  whioh  reduces  the  absolute  value 
of  the  bending  moment,  as  compared  with  the  calculated  wind  loads  applied  to 
piles  arranged  in  a  single  row. 

The  defect  of  this  design  is  that,  even  by  maintaining  a  minimum 
possible  distance  between  the  centers  of  the  piles  (3  pile-diameters)  and 
taking  into  accounted  the  allowable  tolerances,  the  width  of  the  grating 
reaches  175-180  cm.  At  this,  tho  grating  extends  beyond  the  dimensions  of 
the  building  by  60-70  cm,  which  requires  a  deeper  installation  in  tho  ground. 

Such  a  design  requires  an  excessive  volume  of  earth-digging  and  additional 
consumption  of  concrete  and  reinforced  oonorote  for  the  erection  of  the 
gratings,  foundation  poles,  and  wall  beams. 

In  vi ew  of  this  defect,  pilo-foundations  with  the  piles  arranged  in 
two  rows  are  not  used  at  the  present  time  in  construction  of  residential, 
cultural  and  general  purpose  buildings. 
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Fig.  81.  Pile-type  foundations  of  2-ctcry  residential 
building  in  Dudinka 

top  view;  b)  viovr  along  1-1;  c)  vio..  along  2— 2 *  1)  reinforced 
conorete  wall  boajn;  2)  concrete  headstall;  3)  pile 
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Pig.  82.  Two- row  arrangement  of  piles 
a)  viow  along  A- A;  b)  view  along  1*1; l)  minimum  of  3  pole-diameters. 


2.  Single-row  arrangement  of  piles  with  grating  on  the  surface  of  the 
grounds.  This  design  was  effected  for  several  6-story  residential  buildings 
in  IToril’slc  (Pig.  83).  Its  advantage  is  that  it  eliminates  the  necessity  of 
setting  the  grating  deep  into  the  ground.  In  addition,  the  grating  serves  to 
a  considerable  extent  as  an  enclosing  structure  for  the  spece  under  the  floor. 

The  defect  of  this  design  is  tho-need  for  building  wall  beams  and  lar¬ 
ger  consumption  of  monolithic  concrete  and  reinforced  concrete.  In  case  of 
swollen  grounds,  this  design  may  cause  the  destruction  of  the  foundations. 

This  was  the  reason  for  abandoning  $he  use  of  such  designs. 

3.  Single- row  arrangement  of  piles  with  tall  grating- wallbeam.  This 
design  is  usod^at  the  present  time  for  the  construction  of  all  residential, 
cultural,  and  general  purpose  buildings  of  Noril’sk  (Fig.  84). 

The  advantage  of  this  design  is  that  it  eliminates  the  earth-digging 
Tor  the  grating  and  requires  considerably  smaller  volumes  of  reinforced  con¬ 
crete  .'no  wall°boams  and  foundation  polos).  The  grating  is  separated  by 
"temperature"  seams  in  intervals  of  12-15  motors  to  avoid  tho  formation  of 
stresses  caused  by  temperature  in  the  grating-wallbeam  and  in  the  piles. 

Those  seams  do  not  coincide  with  the  temperature  seams  of  the  walls,  but  are 
mado  under  the  window  openings  and  the  masonry  is  cut  by  the  seams  only  to 
tho  bottom  of  tho  window  sill. 

.Among  the  defects  of  this  design  is  the  monolithio  form  of  the  grating. 
The  largor  than  allowed  deviations  in  positions  of  the  piles,  both  in  pl«n 
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Fig.  S3.  Single-row  arrangonont  of  piles  with  roinforoed 

conorote  bolt- grating 

a)  seotion  a-a;  b)  front;  o)  top  view  along  b-b; 

1)  front  view;  2)  assembled  tie  pieoes 


Fig.  84.  Pile-foundation  with  grating-v/aH'oeam 

u)  vio'.v  along  JWA;  b)  view  along  1-1;  1)  attaohod  by  welding 
-„o  insorted  parts;  2)  enoloeure  of  vontilated  space  under  the 
floor;  3)  benoh  narlc  of  floor  of  ventlatod  subfloor  epuoe. 
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■and  in  height,  which  inavoidably  appear  during  the  work  do  not,  however,  make 
it  possible  to  obtain  an  efficient  grating  that  con  assure  a  rigid  joint  with 
the  piles.  This  was  the  reason  for  using  50  cm  as  the  height  of  the  gratings, 
although  a  hoight  of  25-30  cm  would  be  acceptable  oonstruotionwise.  This 
dooign  is  the  most  economical  and  can  be  rooommended  for  use  in  the  areas  of 
the  extreme  north. 

A  maximum  possible  diameter  of  d  =  35  cm  for  boring  the  holes,  a  thiok- 
nocs  of  about  2  motors  for  the  efectivo  layer  in  the  area  of  the  city,  and  a 
design- temperature  from  -1°  to  -2°  were  the  parameters  that  determined  the 
construction  and  dimensions  of  the  piles  frozen  into  the  permafrost  grounds. 
Under  those  conditions  and  in  accordance  with  the  specifications  NiTU  118-54, 
tho  following  were  used  for  calculating  the  supporting  capacity  of  the  piles: 

=  1  kg/cm”  for  calculating  the  resistance  of  the  forces  due  to  the  freezing 

at  tho  sido  surface  of  the  pile  by  the  permafrost  grounds,  and  R  =  5  kg/cm^ 
for  calculating  the  resistance  offored  by  the  frozen  ground  to  the  normal  load. 

The  oxternul  loads  which  affect  the  design  and  dimensions  of  the  piles 
were  typical  for  residential  5-3tory  buildings  load3  applied  to  partitions, 
namely,  P  90  tons  as  the  normal  force,  5  ton-meters  as  the  bending 

moment  at  the  junction  of  the  pile  with  the  grating,  and  10  ton-meters 

as  the  maximum  bonding  moment  at  the  level  of  the  upper  boundary  of  the  perma¬ 
frost  grounds. 

Tho  desire  to  make  full  use  of  the  supporting  capacity  of  the  piles 
acquired  by  the  forcos  of  their  froozing  to  the  ground  in  holes  of  specified 
dimensions  was  the  factor  that  predetermined  the  round  shape  and  the  length 
of  the  pilos.  This  condition  is  satisfied  by  arranging  two  piles  (Fig.  84) 
of  39  cm  in  diameter  and  7.9  meters  long  for  eaoh  partition  (pier?).  In  places 
for  bringing  the  engineering  utilities  into  the  building,  the  piles  had  the 
same  diamoter  but  had  a  length  of  10  meters,  because  the  thawing  of  the  grounds 
at  such  plaoes  usually  is  by  1.3  to  2  meters  deeper  than  the  depth  of  seasonal 
thawing. 


Tho  reinforcement  of  the  reinforced  concrete  piles  took  into  account 
tho  irregular  distribution  of  the  foroes  acting  along  the  length  of  the  piles 
by  roducing  the  number  of  rods  in  the  lower  part  and  increasing  the  pitch  of 
the  spiral  reinforcements.  This  made  it  possible  to  design  types  of  piles  for 
residential  construction  in  iloril'sk  (Fig.  85).  The  same  types  of  piles  were, 
as  a  rule,  used  in  designing  the  pile-foundations  for  industrial,  cultural, 
general  purpose,  and  auxiliary  buildings.  To  make  it  possible  to  measure  the 
temporatures  of  the  ground  beds,  in  certain  piles  were  inserted  metal  tubes 
of  50  mm  in  diameter. 

The  erection  of  buildings  on  pile-type  foundations  made  it  possible 
not  only  to  provide  durabilty  to  the  buildings  erected  on  the  permafrost 
grounds  of  Noril’sk  and  Dudinka,  but  also  to  reduce  sharply  the  cost  and  the 
1-bor- intensity  of  the  work.  Shown  below  are  the  technical  and  eoonomio 
performances  of  two  versions  of  foundations,  wall  beams,  and  enclosing  struc¬ 
tures  of  ventilated  space  under  the  floors,  developed  for  a  5- story  residen¬ 
tial  building  containing  80  apartments  in  Koril’sk  (Table  3). 

A  comparison  of  these  versions  shows  that  the  use  of  pile-type  foun¬ 
dations  reduced  the  cost  per  1  «q.  meter  of  residential  area  by  39.6  -  29.3  = 
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-  10.3  rubles  and  the  expenditure  of  labor  by  2.12  -  0.272  =  1.848  man-days. 
Still  moro  economical  is  the  uso  of  pile-type  foundations  in  construction  of 
low  buildings,  an  example  of  which  is  the  vegetable-storage  building  in  the 
city  of  Dudinka. 

The  warehouse  ilo  1  for  the  storage  of  4,200  tons  of  vegetables  is  a 
one-story  building  erected  on  column-type  foundations.  The  cost  of  foundations 
per  1  sq.  metor  of  storage  area  was  equal  to  82.5  rubles.  In  1960,  began  the 
construction  of  the  vegetable- storehouse  Wo  2  for  10,000  tons  of  vegetables 
which  was  erected  on  pile- type  foundations  at  a  cost  of  25.4  rubles  per  1  sq. 
motor  of  storage  area. 


Fig.  85.  Reinforced  ooncrete  piles  used  in  Noril*sk,  d  =  30  om 
Dimensions  in  parentheses  are  for  piles  10  meters  long. 

1)  spacing  betvreen  coils 
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Table  3 

Tho  coas  and  expenditure  of  labor  in  erecting  the  foundations, 
wall  beans,  and  the  walls  of  vhe  ventilated  space  under  the 

floors  of  a  5-story,  60-apartment  building  in  NorilJsk 


key:  1)  designs;  2)  cost  of  work  in  erecting  the  structures,  rubles; 

3^  total  for  the  building;  4)  per  1  sq.  neter  of  residential  area; 

5)  expenditure  of  labor  for  erecting  the  structures,  in  man-days; 

S)  Version  I.  column- type  concrete  foundations  with  monolithic 

wall  boams  and  a  1,2-brick  wall  enclosing  the  space  under  floor- 
plastered  on  the  outside, 

7)  Vorsion  II,  Foundations  consisting  of  piles  8  meters  long  and 
30  cm  in  diameter  with  monolithic  grating  and  reinforced  concrete 
wall  enclosing  the  space  under  the  floor. 


The  significant  reduction  in  cost  and  expenditures  of  labor  had  for  its 
rocult  tho  at  the  present  time,  in  Noril'sk  and  in  Dudinka,  all  buildings 
erected  by  the  method  of  preserving  the  permafrost  state  of  the  grounds  are 
built  only  on  pile-type  foundations. 


Now  foundation  designs  in  Noril'sk 

The  study  of  the  experience  with  building  and  exploitation  of  buildings 
erected  on  pile-type  foundations  by  the  method  of  preserving  the  permafrost 
state  of  the  ground  beds  served  as  a  basis  for  improving  further  the  designs 
and  tho  work  on  piles  and,  correspondingly,  for  reducing  the  construction 

CO  st- . 

In  noril'sk,  further  investigation  in  the  field  of  foundation  construc¬ 
tion  proceeded  in  three  directions: 

a)  performance  of  work  --  mastering  the  boring  of  holes  of  large 

diamo tor; 
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b)  possibility  of  using  larger  design-loads  for  the  piles  inserted  and 
frozen  in  tho  permafrost  ground; 

c)  development  of  new  designs  of  pile-type  foundations. 

As  a  result  of  the  carried-out  investigation,  it  was  possible  to  master 
the  boring  of  holes  of  45  cm  in  dianotor  with  the  aid  of  type-BS-1  percussive 
boring  rig  by  increasing  the  diameter  of  the  boring  bit  and  solving  the  prob¬ 
lem  of  its  dressing.  The  larger  diameter  of  the  hole  makes  it  possible  to  use 
piles  of  different  shape  and,  instead  of  the  presently  used  round  piles  with 
30  cm  in  diameter,  to  employ  piles  of  two  types:  round  piles  of  40  cm  in  dia- 
metor  and  square  I-beam  type  measuring  32  x  32  cm  with  trimmod  comers  and 
with  a  diagonal  length  of  43  cm.  It  should  be  noted  that  in  connection  with 
the  increase  of  the  diameter  of  the  hole  to  45  cm,  the  output  of  the  boring 
rig  is  reduced  from  1  meter/hour  for  d  =  35  cm  to  0.8  meters/hour,  while  the 
the  cost  of  boring  1  meter  of  hole  is  respectively  increased. 

A  detailed  study  of  the  geo-th«rmal  conditions  of  the  ground  beds  of 
buildings  and  structures  erected  by  preserving  the  permafrost  state  of  the 
grounds  made  it  possible  to  increase  the  magnitude  of  the  forces  (Sj_)  due  to 
the  freezing  of  the  side  surface  of  the  piles  to  the  ground  by  20-2sy,  without 
violating  the  requirements  of  Table  7  of  NiTU  118-54. 


Pig.  86.  Diagram  of  aesigniforces  acting  on  the  piles 
by  locating  one  pile  under  the  pier  of  a  5-story 
residential  building 

a)  diagram  of  normal  forces;  b)  diagram  of  bonding 
moments;  1)  the  ground;  2)  effective  layer 

The  hole  with  its  diameter  increased  to  45  cm  is  optimal  for  construc¬ 
tion  of  5-story  residential  buildings,  because  the  load  applied  to  the  piles 
makes  it  possible  to  use  only  one  pile  in  eaoh  partition;  at  tho  same  time  it 
represents  a  minimum  requirement,  bocause  if  the  piles  aro  distributed  more 
sparsoly,  the  entiro  load  of  the  partition  will  be  applied  to  the  wall  beam, 
which  will  impair  the  structure. 

Simultaneously  with  this,  certain  designs  of  residential  buildings 
have  been  revised  and  this  made  it  possible  to  reduce  the  design-load  per 
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partition  from  00  to  82  tons  (by  replacing  the  formerly  used  insulation  with 
mineral  felt  ana  by  using  perforated  bricks  for  the  inside  walls).  The  lower 
design-load,  larger  value  of  and  the  use  of  only  one  pile  per  partition 
of  5— story  residential  buildings  made  possible  by  using  a  larger  transverse 
cross  section  --  all  these  proved  the  expediency  of  oreating  new  designs  for 
the  ^pile s  of  residential  structures  which,  in  strength,  satisfy  the  diagram 
of  forces  (Fig.  86).  At  this,  the  production  requirements  and  the  allowable 
doviations  remain  as  before  (see  appendix). 


Fig.  87.  Square,  I-shaped  pile  (  i70  =  along) 

The  now  design  for  the  piles  is  based  on  the  principle  of  using  to  a 
maximum  the  supporting  capacity  of  the  reinforced  concrete.  In  seotions  I-I 
and.  IJ-II  which  support  the  full  vertical  design  load  and  are  acted  upon  by 
a  bending  moment,  the  pile  has  the  shape  of  a  square.  Below  the  effective 
layer,  where  the  bending  moment  in  the  pile  is  absent  and  the  vertical  load 
is  reduced  because  a  part  of  it  is  absorbed  by  the  forces  due  to  the  freezing 
of  the  side  surfaces,  the  cross  section  of  the  pile  decreases  and  changes  to 
an  I-shapo  (Fig.  87).  This  design  makes  it  possible  to  reduce  the  oross  seo- 
tional  area  without  reduoing  the  side  surface  of  the  pile  whioh  freezes  to 
the  bod  of  the  grounds. 
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Tho  use  of  square,  I-shaped  piles  with  varying  cross  sections  in  con- 
ttruotion  of  5-story  residential  buildings  in  Noril'sk  had  reduced  by  35$  tho 
cost  of  erecting  foundations  per  1  so.  meter  of  residential  area,  as  compared 
with  tho  cost  of  erecting  round  piles  of  30  om  in  diameter.  Labor  expenditures 
were  also  reduced  correspondingly. 


Design  of  piles  for  areas  of  the  Extreme  North 

The  wide  application  of  pile-type  foundations  (particularly  on  a  scale 
as  practiced  in  Noril'sk  and  Yakutsk)  had  created  the  conditions  favoring  the 
use  of  cortain  types  of  designs  for  the  piles.  In  Yakutsk,  for  example,  where 
tho  wind  forces  are  insignifioant  (and  were  not  taken  into  account  when  de¬ 
signing  residential  buildings)  and  the  low  temperature  of  the  permafrost 
grounds  makes  it  possible  to  use  for  S_  (forces  from  freezing)  a  value  consi¬ 
derably  larger  than  in  Noril'sk,  and  where  the  method  of  preliminary  thawing 
of  tho  grounds  makes  it  possible  to  use  piles  of  larger  oross  sections,  use 
is  made  only  of  certain  types  of  piles  (Table  4). 

Such  piles  are  not  suitable  for  Noril'sk  and  Dudinka,  where  the  dimen¬ 
sions  of  the  transverse  cross  sections  arc  limited,  the  forces  due  to  freezing 
are  considerably  lower  than  in  Yakutsk  and,  in  addition,  the  structures  are 
to  withstand  tho  action  of  strong  winds.  This  made  it  necessary  for  Noril'sk 
to  create  its  own  types  of  piles  (Table  5)  the  use  of  which  assured  durability 
for  the  structures  and  reduced  the  costs  and  the  time  of  construction.  The 
cost  of  erecting  foundations  in  the  areas  of  the  Extreme  North,  however,,  is 
still  very  high.  This  includes  also  the  buildings  erected  on  deeply  deposited 
rocky  beds  by  the  method  of  subsequent  thawing  of  the  beds,  etc.  The  next  steps 
to  be  taken  ir  order  to  reduces  the  cost  of  ereotion  of  foundations  are: 

1)  mastering  the  boring  of  large-diameter  (700-1200  mm)  holes  in  perma¬ 
frost  grounds  which  will  make  it  possible  to  use  pile-stands  for  buildings 
erected  on  deeply  deposited  rook3  and  other  beds  which  do  not  sag  too  much 
when  tha’.ved; 

2)  selecting  an  efficiently  designed  pile  possessing  a  maximum  freezing 
surface  and  using  to  a  full  extent  the  supporting  oapacity  of  the  material  of 
tho  piles. 

In  Noril'sk,  at  the  present  time  are  produced  and  experimentally  tested 
piles  of  new  types.  The  oreation  and  use  are  dictated  by  the  fact  that, .in 
1961,  large  panels  will  come  into  use  on  a  large  scale  for  residential  con¬ 
struction,  including  the  panels  made  of  gas-cinder  concrete  [gazozolobeton] , 
which  will  reduce  the  load  par  partition  (  and  per  pile)  by  15-20$. 


?ilo-typo  foundations  for  buildings  erected  by  the  method 
of  subsequent  thawing  of  ground  beds 

The  preservation  of  the  permafrost  state  of  the  ground  beds  during  the 
use  of  heated  buildings  is  always  connected  with  considerable  expenditures  for 
constructing  a  ventilated  basement  or  other  structures.  At  the  same  time,  the 
study  of  permafrost  grounds  makes  it  possible  to  determine  with  a  certain  degree 
of  accuracy  both  the  possible  ultimate  dimensions  of  the  thawing  bowl  in  the 
beds  and  also  the  magnitude  of  oompleto  saggings.  The  use  oof  pile- type  foun- 
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dations  makes  it  possible  to  construct  a  number  of  buildings  on  grounds  the 
thawing  of  which  results  in  saggings  of  1  meter  and  even  more,  without  af foo¬ 
ting  tho  building's  durability  and  its  exploitation.  As  an  example  are  the 
hothouses  under  construction  in  Noril'sk. 


Table  4 

Piles  used  in  Yakutsk 


1)  Type  of  foundation;  2)  sketch;  3)  length;  4)  oross  section 

{l>4  =  up  to) 

According  to  the  data  of  an  engineering-geological  survey,  the  beds 
undor  the  building  will  thaw  to  a  depth  of  8010  meters,  in  which  case,  the 
conpleto  sagging  will  amount  to  80-100  cm.  The  building  is  to  be  erected  on 
piles  which  also  serve  as  the  supporting  oaroass  (Pig.  88).  The  design  is 
bused  on  two  conditions:  a)  the  design  of  the  roof,  walls,  and  joining  places 
must  assure  the  durability  of  the  building  in  oase  of  sagging;  for  this  was 
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taken  into  account  the  possibility  of  correcting  the  deformed  joints  (by  rai¬ 
sing  tho  girders  and  wall  panels);  b)  the  piles  are  designed  for  a  supporting 
capacity  based  on  the  forces  which  will  keep  the  lower  part  frozen  as  long  as 
tho  thawing  bowl  does  not  spread  over  the  entire  depth  occupied  by  the  pile ; 
and  also  on  a  supporting  capacity  due  to  the  adhesion  of  the  side  surface 
during  complete  thawing  of  the  ground  bod. 

Table  5 

Piles  used  in  lioril’sk 


1)  type  of  foundation;  2)  round;  3)  square,  I-shaped; 
4)  sketch;  5)  length;  6)  cross  section;  (  =  along) 


Pig,  88,  Design  of  hothouses  in  IToril'sk,  seotional  view 
1)  glass  work;  2)  stands;  3)  heating  ohest;  4)  reinforced  conoreto  plates; 

5)  fill  of  large- skeleton  soil 
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ouch  a  design  makes  it  possible  to  delay  the  sagging  of  the  pile  up  to 
the  moment  when  no  less  than  0.7-0. 8  meters  of  ground  will  remain  in  frozon 
state.  _uring  this  time  the  upper  layer  will  thaw  and  shrink;  at  this  the 
sagging  of  the  floors  will  reach  0.7-0. 8  meters.  The  floors  sre  filled  uo  to 
their  dosign-levol  with  large- skeleton  soil  which  helps  the  beds  to  become  more 
solid.  Upon  furthor  thawing  of  the  bod,  the  pile  begins  to  operate  as  if  it 
wore  suspondod  by  adhesion  to  the  thawed  grounds  and  the  magnitude  of  the  sub¬ 
sequent  saggings  will  be  determined  only  by  the  sagging  of  the  underlying 
layer  of  frozen  ground,  ’which  will  amount  to  0. 8-0,3  meters  (allowable  even 
for  industrial  buildings,  see  p.  44). 

This  design,  compared  with  earlier  designs  using  column-foundations  and 
ventilated  basements,  mado  it  possible  to  reduce  the  oost  per  1  oubio  meter 
of  hothouse  space  from  20.2  to  12.4  rubles,  or  a  reduction  of  1.6  times. 

It  is  plannod  to  use  the  same  prinoiple  for  tho  construction  of  several  other 
warehouses  and  auxiliary  buildings  in  Koril'sk  and  Dudinka. 


3.  Covering  and  Covers 
Covering  ventilated  cellars 

The  presently  us6d  types  of  oovors  installed  above  tho  ventilated  space 
under  the  floors  have  the  following  defects:  inadequate  heat- insulation  (par¬ 
ticularly  in  rosidontial,  cultural,  and  general  purpose  buildings)  and  the 
high  cost  and  difficult  work.  In  Noril'sk,  Yakutsk,  Dudinka,  and  in  other  towns, 
the  following  designs  are  used  for  covering  the  spaoe  under  floor  of  major 
buildings. 


Fig.  89.  Monolitic  reinforced 
concrete  cover  over  a  ventila- 
tod  (open)  cellar 

1)  gasket  of  tar  paper; 

2)  flooring  with  wooden  pieces 
along  tho  pads; 

3)  1  layer  of  ruberoid; 

4)  cement  tie  piece; 

5)  foam;/  concrete; 

Gj  reinforced  concrete  plate 


Fig.  90.  lype  of  anchoring  the 
covering  reinforced  concrete 
plates  into  the  wall 

1)  sealed  with  M-100  cement 

mortar; 

2)  seam  sealed  with  M-100 

cement  mortar; 

3)  anchors,  a)  view  along  1-1; 

b)  top  view. 
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A  monolithic  reinforced  concrete  plate  over  a  monolithic  wall  beam  (Fig. 
30)  distributes  uniformly  the  force  of  the  winds  over  all  foundations  of  the 
building  and  protects  well  its  inside  against  drafts.  The  walls  are  supported 
on  tho  horizontal  surface  of  reinforced  concrete  wall  beam  and  have  no  hori¬ 
zontal  fittings  for  the  covers,  which  increases  their  supporting  capacity. 

The  latter  is  very  important  for  the  masonry  work  performed  during  the  winter, 
because  the  carrying  capacity  of  the  masonry  during  the  thawing  period  will 
affect  unfavorably  the  erection  of  four  or  five-story  buildings.  However, 
the  difficulty  of  porforming  the  work,  particularly  during  the  winter,  and 
also  the  economio  expediency  forced  tho  Iloril'sk  and  Dudinka  builders  to  aban¬ 
don  entirely  the  use  of  monolithic  covers  for  residential,  cultural,  and 
goneral  purpose  buildings,  while  for  industrial  construction  to  uso  suoh  covers 
only  v/hon  its  use  in  assembled  form  could  not  be  efficiently  effected. 

In  Yakutsk  and  Igarka,  the  uso  of  monolithic  covers  over  the  open 
spaco  under  the  floors  of  residential,  cultural,  industrial,  and  other  buil¬ 
dings  continues  evon  at  the  present  time,  which  could  bo  explained  mainly  by 
the  lack  of  a  base  for  production  of  assembled  reinforced  concrete. 

Assembled  (precast)  reinforced  concrete  plates  laid  over  monolithic  or 
precast  wall  beams  make  the  construction  work  less  difficult  and  economically 
they  are  more  expedient  than  the  monolithic  structures.  However,  the  work 
performed  at  low  temperatures  demands  tho  fulfillment  of  certain  requirements, 
the  non-fulfillment  of  which  impairs  the  design  and  the  heat- insulating  pro¬ 
perties  of  the  covers. 

The  conditions  required  to  increase  the  rigidity  of  the  building,  par¬ 
ticularly  during  the  thawing  period,  to  assure  a  uniform  distribution  of  the 
wind  forces  over  all  foundations  (piles)  include  covers  of  porfeot  monolithio 
fora:.  In  practice,  however,  it  is  impossible  to  obtain  monolithic  plates  by 
concroting  their  joints  at  low  temperatures.  The  surface  of  the  laid  plates 
is  subjected  to  a  temperature  of  up  to  -40°  and  lower  (just  as  the  temperature 
of  tho  surrounding  air)  which  freezes  the  concrete  or  the  mortar  before  it 
sets  in  the  seam.  The  warming  up  of  the  concrete  in  the  seams  is  very  dif. 
ficult  and  expensive.  The  opening  of  covers  disclosed  the  presence  of  many 
void  places  in  the  seams  joining  the  plates  and  a  lack  of  adhesion  between 
tho  seam  and  the  plates. 

The  convcntioal  methods  of  anchoring  precast  cover  plates  in  brick 
walls  of  tho  building  do  not  assure  rigidity  for  the  building  during  the 
thawing  period  of  tho  walls  erected  during  the  winter.  This,  under  the  con¬ 
ditions  of  the  Extreme  North,  is  of  great  importance,  because  the  ability  of 
the  wall  to  withstand  the  wind  forces  is  provided  by  transmitting  the  wind 
forces  from  the  outside  longitudinal  walls  through  tho  covers  and  to  the 
lateral  walls,  which  can  be  attained  only  by  making  all  plates  into  one  piece 
to  be  joined  with  the  walls  of  the  building.  The  unavoidable  thawing  of  one 
side  of  the  walls  of  a  heated  building  during  the  winter  and  tho  thawing 
of  the  walls  laid. during  the  wintor  with  the  arrival  of  the  spring-summer 
seasons  causes  the  walls  to  be  deflected  from  the  vertical  line  towards  the 
outside.  The  principal  task  of  anchoring  the  plates  of  all  covers  in  tho 
’•.alls  is  to  prevent  this  deflection.  These  requirements,  however,  are  not 
satisfied  by  the  designed  typos  of  anchoring  (Fig.  90). 

During  the  most  important  moment  of  the  spring-summer  thawing  of  the 
mortar  filling  the  seam,  the  anchor  is  practioally  not  seoured  in  the  wall. 
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•This  is  confirment  by  certain  cases  of  anchors  pulled  out  of  the  joints  of 
deformed  walls.  For  the  conditions  of  the  dxtremo  North,  tho  anchoring  of  covor 
plates  in  the  mils  should  be  rigid  and  provent  any  shifts  in  the  horizontal 
piano.  This  is  necessary  bocauso  in  most  of  the  cases  the  v/alls  are  erocted 
at  low  tempo ratures,  while  strong  winds  are  possible  during  the  spring  thawing 
period.  Tho  most  reliable  anchoring  of  platos  to  the  walls  can  be  obtained  by 
welding  tho  one  side  of  the  anc Ivors  to  the  lugs  of  the  plate  and  to  weld  the 
other  side  to  a  metal  strip  inserted  in  the  wall. 

No  satisfactory  solution  has  been  found  as  yet  for  the  heat- insulation 
of  the  ventilated  subfloor  space.  According  to  hoat- transfer  calculations,  in¬ 
sulation  with  the  aid  of  boiler-room  cinders  requires  a  layer  of  more  than  60 
on,  making  tho  total  thickness  of  the  cover  equal  to  about  100  cm  and  subjec¬ 
ting  the  supporting  plates  to  large  loads  from  the  weight  of  the  covers.  The 
total  covering  height  is  somewhat  reduced  by  using  foamy  concrete  (a  foamy  con¬ 
crete  layor  of  30-40  cm),  but  industrial  buildings  require  autoclave- type  of 
foamy  concrote  with  a  minimum  strength  of  25  kg/om  ,  otherwise  it  should  not 
bo  loaded.  V."hat  is  needed,  thorefore,  is  to  cover  the  heat- insulating  layor 
with  a  reinforcod  concrete  plate  to  support  the  load  of  the  floors.  Tho  use 
of  foamy  concrete  for  heat- insulating  the  covers  of  residential  buildings  is 
also  without  satisfactory  results.  During  the  winter,  foamy  concrete  oan  be 
applied  only  in  form  of  finished  blocks. 

In  laying  the  blocks  of  foamy  concrete  at  the  places  occupied  by  joints, 
there  aro  formed  gaps  of  several  millimoterd,  and  occasionally  larger  gaps  aro 
formed  when  the  edges  are  broken  off;  the  filling  of  these  gaps  with  warm 
mortar  is  impossible  during  the  winter.  Not  only  cold  air,  but  also  winds  oan 
penetrate  through  these  gaps.  Tho  result  is  that  tho  strong  winter  winds  pene¬ 
trating  through  the  gaps  in  the  enclosure  of  tho  subfloor  space  produce  a 
draft  through  the  floors  which  is  so  strong  that  it  is  felt  inside  the  room. 

Tho  tomporature  at  the  surface  of  the  floor  frequently  drops  below  0°  with  the 
appearance  of  ice,  or  even  snow. 

Tho  attempt  to  seal  off  tho  joints  with  roofing  materials  also  failed 
to  produce  the  roquirod  results.  Ice  was  formed  in  the  heat- insulating  layor 
destroying  thereby  its  insulating  properties,  moreover,  the  freezing  and 
saturation  with  ice  of  the  heat- insulator  made  of  foamy  ooncrete  or  of  fomnerly 
used  slag  cotton  caused  their  destruction.  For  example,  upon  uncovering  the 
floors  of  certain  buildings  it  was  found  that  all  that  remained  of  tho  insu¬ 
lation  was  a  mass  of  fine-grained  dust.  Tho  destruction  of  the  insulation 
mado  of  foamy  concrote  and  slag  cotton  occurred  after  5-8  years  of  the  exploi¬ 
tation  of  those  buildings.  The  required  temperature  drops  are  not  assurod  by 
covors  insulated  with  glay-dust  mixtures,  which  are  widely  used  in  Yakutsk. 

To  improve  tho  heat- insulation,  over  the  foamy  concrete  was  installed 
a  cement  tio-pioco  insulated  at  the  top  by  adhering  roofing  material.  The  work, 
however,  was  very  difficult  and  increased  considerably  the  cost  of  tho  struc¬ 
tures,  while  during  low  temperatures  of  the  outside  air,  the  tempernturo  at 
the  floor  level  of  a  heated  room  remained  below  zero.  To  obtain  a  temperature 
of  nbovo  zoro  for  the  ground  floor,  tho  latter  was  heated  in  oertain  places  * 
occupied  by  kindergartens  and  nurseries.  Under  the  floor,  on  the  top  of  tho 
insulating  layer  made  of  wooden  screens  or  laths  are  laid  pipes  through  which 
oassos  tho  water  returning  from  tho  heating  system.  It  improved  sharply  the 
temperature  conditions,  but  it  cannot  be  recommended  for  use  on  large  scale 
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as  it  increases  the  cost  and  makos  the  work  more  difficult.  Also,  the  inspec¬ 
tion,  washing,  and  repair  of  the  heating  system  requires  frequent  uncovering 
of  the  floors. 


Fig.  91.  Construction  of  cover  over  ventilated  subfloor 
space  used  in  Uoril’sk  for  residential  buildings 

1)  board  flooring;  2)  bolsters  5x7  (h)in  intervals  of  70  cm-7  cm; 
3)  layer  of  porgamyn  with  adhesion  to  the  joints;  4)  slag-cotton 
felt  3  layers  ovor  6  cm-18  cm;  5)  layer  of  pergamyn  adhering  to 
the  joints;  6)  multi-gap  plate;  7)  wooden  small  poles,  d  =  16  cm, 
h  =  17  cm,  in  intervals  of  100  cm;  8)  along  1-1. 


?ho  following  designs  of  covers  will  best  assure  the  he at- insulation 
of  buildings  and  roduoe  the  cost  of  work  spent  for  their  erection. 

1.  For  residential  buildings:  insulation  with  semirigid  slag-cotton- 
felt  plates  in  2-3  layers,  with  each  underlayer  covered  without  fail  by  the 
subsequent  layer.  The  wooden  floors  are  to  be  laid  on  bolsters  placed  over 
wooden  gaskets  (Fig.  91).  Floors  constructed  in  this  manner  are  used  for  all 
buildings  in  IToril'sk  and  Dudinka  and,  as  proven  by  experience,  the  slag 
cotton-felt  plates  arranged  in  sevoral  layers,  as  a  result  of  a  certain  com-, 
prossion  and  glueing  (viscosity  of  tho  bituminous  base),  form  a  layer  whioh  is 
non-penotrable  for  air,  non-hygroscopio,  and  heat- insulating.  Also,  tho  use  of 
slan-  cotton-felt  insulation  made  it  possible  to  lower  by  16-20  cm  the  height 
of  the  covering  above  the  ventilated  subfloor  space  and  reduce  thereby  the 
work  in  orcting  the  vails  of  the  building. 

2.  For  cultural,  general  purpose,  and  industrial  buildings:  in  buil¬ 
ding  wooden  floors,  it  is  necessary  to  use  covers  of  the  same  design  as  used 
for  residential  buildings  (Fig.  SI).  However,  in  floors  using  brush- type 
plates  of  asphalt,  cement,  etc.,  a  second  supporting  reinforced  concrete  cover 
is  necessary,  due  to  the  inadequate  supporting  capacity  of  slag-cotton-felt. 
This  increases  considerably  tho  cost  of  erecting  the  cover  and  makes  the  work 
more  difficult. 

For  buildings  with  fireproof  floors  it  is  economically  obedient  to 
use  foamy  concrete  for  insulation  and  build  a  bed  under  the  floors  made  of  a 
lonolithio  reinforced  concrete  plate,  tho  purpose  of  which  is  to  protect  the 
foamy  concrete  fro,- crumpling  caused  by  concentrated  loads  on  the  floors 
(mir-  90)  ?his  method  assures  durability  for  tho  floors  when  using  foamy  con¬ 
crete  of  low  strength  (5-10  kgAm^).  The  unavoidable  work  connected  with  the 
use  of  reinforced  conoroto  monolithic  plate,  the  work  difficulties,  ana  tne 
cost  which  still  remains  high  made  it  necessary  to  search  for  new  designs,  and 
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at  the  present  time,  there  aro  designs  of  supporting  panels  heat- insulated  by 
slag-felt  to  be  used  for  covering  the  ventilated  subfloor  space  of  industrial, 
cultural-general  purpose,  and  auxiliary  buildings. 


Pig.  S2.  Construction  of  covers  above  ventilated 
subfloor  space  for  buildings  with  fireproof  floors 

a)  read  i'ron  top  down:  ceramic  plato  on  cement  mortar;  procast 
reinforced  concrete  plate;  waterproof ing:  2  layers  of  pergamyn  on 
mastic  with  seams  sealed;  slag-cotton-felt,  3  layers,  6  cm-18  cm 
each;  pergamyn  layor  with  seams  sealed;  multi-gap  plate. 

b)  from  top  dovm:  cement  floor;  monolithic  reinforced  oonorete  plate; 
foamy  concrete;  layer  of  pergamyn  with  seams  sealed;  multi-gap  plate. 

aj  with  ceramic  floors;  b)  with  cement  floors. 

The  supporting  structure  of  tho  panels  is  made  of  PKZh  plates  containing 
other  parts  insortod  during  their  production.  The  PKZh  plates  aro  used  due  to 
the  availabilty  of  finished  metal  shapes  which  favors  the  wide  use  for  the 
structures  (Fig.  93).  The  heat- insulating  layer  is  attached  below  to  tho  plate 
.and  is  hold  in  place  by  a  screen  into  which  is  deposited  a  layer  of  mortar. 
Panols  of  this  typo  can  bo  produced  with  finished  floors.  The  industrial 
■ootcntialitios  in  production  and  assembly  of  tho  panels,  and  also  their  lower 
cast  (panel  covers  cost  GO-65^  of  the  cost  of  the  ervers  shown  in  Pig.  92), 
favor  thoir  wide  application  in  construction.  The  supporting  structures  of  the 
nanols  can  be  revised,  depending  on  the  loads  and  other  requirements  of  the 
design. 

C-ood  results  have  boen  obtained  from  the  design  of  tho  cover  above  the 
ventilated  soace  under  the  floor  effected  in  1958  for  the  Dudinka  potato- 
storage  building  occupying  an  area  of  4,000  sq.  meters.  Tho  very  striot  requi¬ 
rements  for  tho  temperature  conditions  inside  the  storehouse  (not  less  than 
~oro  and  no  more  than  3°  for  the  entire  height  of  4.5  meters  of  storaged  pota¬ 
toes)  required  a  new  design  for  the  cover  and  for  the  heating  system.  In  No¬ 
rilsk,  for  the  first  time  was  designed  a  heating  system  for  warming  tho  inside 
of  the  building  with  warm  air  pumped  into  the  void  spaces  of  the  type-PTIC 
nrocast  reinforced  concrete  plates.  Since  PTK-plates  are  not  intended  for 
large  loads,  they  had  underneath  a  dense  network  of  beams.  The  he at- insulating 
layer  is  located  below  under  the  plates  (Pig.  94).  Unobstructed  passage  for 
tho  air  through  the  gans  in  the  plates  was  provided  by  nipples  made  of  roofing 
iron  installed  in  the  openings  at  the  joints  between  plates.  The  joints  were 
scaled  with  cement  mortar.  The  control  of  the  heating  system  was  automated  to 
provide  a  constant  temperature  inside  tho  building. 

Good  exploitation  results,  sharply  lower  consumption  of  metal  (pipes) 
and  cost  of  construction  make  it  possible  to  recommend  this  design  for  covers 
above  ventilated  subfl.oor  space  for  use  in  other  areas  of  the  metremo  North. 

In  19G0,  covers  with  the  void  spaces  in  the  plates  used  for  heating  the  buil- 
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dings  v.-crc  employed  in  constructin';  the  8000  sq.  neter  vegetable  storehouse  in 
Dudinka,  the  hothouses  in  IIoril»sk,  and  many  other  buildings. 


Pir.  83.  Insulated  covering  panel  above  ventilated  cellar 
1)  hunger;  2)  inserts  (4  piecos  in  each  rib);  5)  short  angle; -4)  angular 
rods  along  the  panel;  5)  read  from  top  dov/n:  layer  of  pergamyn  on  nastic; 
panel;  PKZh-plate  30  i  60  or  1,5  x  60;  slag-cotton  insulation;  1  layer  of 
pergamyn;  plastered  with  1:3  cement  nor  tar  over  a  Rabitts  screen. 


Pig.  94.  Cover  heated  by  warm  air  above  the  cellar 
of  Dudinka  potato- storage  building 

1)  read  from  top  down:  asphalt  floor;  precast  roinfoeced  concrete  plates; 
air  channel;  cement  floor;  foamy  concrete;  precast  reinforced  concrete 

places.  ii 

2)  from  top  down:  asphalt  floor;  plates  with  many  holes;  GF  ;  mineral  felt; 
precast  reinforced  concrete  plates;  "R-B". 
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Fig.  95.  Sorios  1-454-LI  covers  above  the  ventilated  space 
under  the  floors  of  large  ponel-buildings 

ri»ad  from,  top  down: 

1)  floor  boards;  bolsters  every  300-50  mm; 

2;  soundproof  gasket;  soft  woo den-fibre  plate;  insulation  j  steam- 
insulation;  1  layer  of  rub^roid;  cover  panel. 

5)  floor  boards;  bolsters  every  700-70  nm;  steam  and  water  proof; 
layer  of  pergamyn  with  soaled  joints;  slag-ootton-felt  with  layer 
of  pergamyn  and  sealed  joints;  cover  panel;  4)  not  less  than. 


3.  For  residential  buildings  assembeled  from  large  panels,  in  designing 
the  covers  for  the  ventilated  spece  under  the  floors,  in  order  to  obtain  rigi¬ 
dity  ana  durability  for  tho  ontire  building  it  is  necessary  to  to  select  the 
needed  parts  from  the  standard  components  {panels  and  blocks)  with  which  the 
building  is  assembled.  This  is  particularly  important  in  view  of  the  avail¬ 
ability  ox*  standard  equipment  producod  by  the  industry  in  the  plants  which 
specialize  in  construction  of  homes  assembled  from  large  panels.  However,  the 
covers  for  the  cellars  of  typical  large-panol  homes  (1-464  and  1-335), which  are 
in  vogue  at  the  present  timo,  are  not  suitable  for  the  conditions  of  the 
Extreme  North. 

It  is  rather  difficult  to  regard  as  efficient  the  design  of  tho  covers 
for  tho  vontilatod  cellars  specified  in  tho  typical  design  of  sorios  1-464-M 
lar\; .-panel  residential  house  developed  by  the  Kiev  affiliate  of  Giprostroy- 
ir.v.~try  in  1960  for  use  in  the  areas  6f  the  Extreme  North  (Fig.  95a).  Along 
t.-.s  .^nolithio  grillage  of  pile- typo  foundations  are  installed  precast  wall 
beams  of  very  complex  shape  with  insulating  interlayers.  The  cover  consists  of 
two  reinforced  concrete  supporting  panels  with  an  insulating  layer  of  slag- 
felt  between  them. 

In  Noril'sk,  tho  1-464-1!  large-panol  houses  are  made  secure  as  follows: 
instead  of  separate  wall  beams  specified  by  the  design,  use  is  made  of  mono- 
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lithic  grating- wallbeams  containing  the  inserts  for  fastening  together  the 
panels.  Instead  of  tv/o  reinforced  concrete  covering  panels,  there  is  only  one 
lowere  reinforced  nonel  on  which  are  also  installed  the  air-passago  blocks. 
(Pig.  95b). 

This  method  makes  the  building  more  rigid  by  using  gratings  and  wall 
boons  made  into  one  pioco,  reduces  the  cost  by  eliminating  the  use  of  a  second 
panel,  decreases  the  overall  height  of  the  covering,  and  provides  access  for 
repairing  the  damaged  insulation.  Theso  are  the  basic  requirements  for  desig¬ 
ning  covers  for  open  ventilated  subfloor  space,  as  practiced  in  Noril'sk  and 
in  oxher  cities  of  the  Extreme  llorth. 


Coverings  between  the  stories  of  buildings 

The  designs  used  in  the  areas  of  the  Extreme  North  for  the  covorings 
between  tho  stories  of  buildings  do  not  differ  from  the  conventional  typical 
designs.  All  that  i3  necessary  is  to  use  wherever  possible  procast  reinfor- 
cod  concrete,  because  concreting  during  the  winter  is  very  difficult  and  in¬ 
creases  considerably  the  construction  costs.  It  is  also  necessary  to  take 
into  account  the  difficulty  of  laying  floors  at  low  temperatures.  Asphalt 
cools  before  it  becomes  level  and  it  is  impossible  at  low  temperatures  to  pre¬ 
pare  the  floors  made  of  brush- type,  inlaid,  or  cement  tiles  because  it  is 
impossible  to  obtain  a  smooth  surface  (by  tightening  and  leveling)  when  the 
cover  plates  are  conoreted  due  to  the  rapid  freezing  of  the  mortar  and  concrete. 

In  the  unheated  buildings  of  Noril’sk,  the  installation  of  floors  was 
frequently  delayed  until  the  arrival  of  the  summer,  although  the  onterpriso 
was  already  in  operation.  This  made  it  difficult  for  both  the  construction 
Paid  the  operations  of  the  enterprise.  The  difficulties  connected  with  con¬ 
creting  and  building  floors  during  the  winter  are  eliminated  by  using  precast 
panels  and  covers  with  ready-made  floors  and  finished  surface.  It  is  not  by 
far  always  possible,  however,  to  use  precast  types  of  structures  for  covering, 
particularly  for  buildings  used  for  complex  technological  processes  (ore  con¬ 
centrating  and  metallurgical  plants,  electric  power  stations,  etc.),  but  the 
unavoidable  use  of  cranes  with  large  lifting  oapaoity  for  the  assembly  of 
carcasses  and  equipment  of  such  buildings  make  it  possible  to  oonstruot  a  new 
design  of  covers. 

In  rebuilding  the  Noril'sk  ore-concentration  plant,  taking  into  con¬ 
sideration  the  possibility  of  using  a  high-duty  orane  for  assembling  the 
structures,  it  is  planned  to  finish  one  of  the  covers  of  the  main  building, 
consisting  of  a  reinforced  concrete  plate  and  supporting  metal  structures, 
in  the  warm  part  of  the  building  which  is  accessible  to  the  crane  and  install 
it  in  finished  form  (with  the  floors,  inserted  parts,  rimmed  openings,  etc,) 
together  with  the  metal  structures  (Fig.  96).  The  total  weight  of  tho  assemb¬ 
led  component  of  tho  cover  is  eyual  to  10-1 £  tons. 

Such  panels  can  be  produced  in  the  street  during  the  spring-summer 
season  where  the  use  of  a  multi-story  orano  is  possible,  irrespective  of  the 
construction  stage  of  the  building;  for  this,  the  variety  of  types,  difference 
in  loads  and  in  inserted  parts  will  not  make  their  production  more  difficult. 

In  addition,  in  case  of  necessity,  such  panels  can  be  mounted  togheter  with 
tho  equipment  installed  on  them  and  enable  the  assemblers  to  perform  their 
work  before  the  construction  of  the  building  is  over,  provided  the  weight  of 
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tho  panel  with  tho  o quipnont  is  within  the  lifting  capacity  of  the  crane.  This 
method,  of  designing  covers  and  sit os  for  industrial  buildings  should  be  widely 
introduced  in  the  areas  of  the  Extreme  North. 

In  heated  buildings  using  PTE  precast  plates  for  covering  (particu¬ 
larly  residential,  cultural  and  general  puropse  buildings)  thore  are  observed 
cases  of  cooling  of  floors  which,  at  tinos,  is  inadmissible  in  buildings.  It 
is  duo  to  tho  fact  that  joints  pr^parod  in  winter  are  not  filled  completely 
with  mortar  and  cold  air  penetrates  through  tho  void  spaoos  in  tno  plates.  ±o 
reduce  tho  possibility  of  coolod  covers,  it  is  necessary  to  plaster  the  inside 
part  of  tho  masonry  where  the  plato  roots  on  the  wall  (con  be  made  to  freeze), 
or  to  seal  tightly  tho  joints.'  The  openings  at  the  butt-ends  of  the  PTK 
plates  should^bo  sealod,  which  is  best  done  at  the  plants  making  the  reinforced 
concrete  products.  The  spaoe  between  tho  butt-ond  of  tho  plate  and  tho  wall 
should  bo  insulated  at  the  air  passages  with  construction  felt  and  gaskets  of 
roofing  material. 


Fig.  96.  Ore-concentrating  plant.  Covering  panel. 

a)  schematic  drawing  of  the  assembly  site;  b)  view 
along  a-a;  o)  panol  1;  nUKcjt,  =  panel. 
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Roofs  for  industrial  buildings 

The  correct  selection  of  the  design  for  the  roofs  is  of  special  impor¬ 
tance  in  view  of  the  conditions  of  the  Extreme  North.  Unsuccessful  selection 
of  roofing  designs  caused  the  destruction  of  the  reinforced  concrete  plates 
of  the  contral  thermoelectric  station  (T2T3),  deformed  the  girders  of  the 
electrolytic  shop  (seo  p.  18), created  difficult  operating  conditions  at  the 
substation  of  the  ore-concentration  plant,  etc.  The  precast  reinforced  conoroto 
covering  plates  became  quickly  damaged  in  the  smelting  shop  of  the  nickel 
plant  and  certain  sections  collapsod  entirely,  and  the  usefulness  of  the  re¬ 
inforced  concroto  plate  of  the  roof  is  coming  to  an  end  and  must  bo  replaced. 

In  certain  shops  of  the  metallurgical  plants  the  metal  girders  are 
affected  by  corrosion  and  require  reinforocment.  Intensive  corrosion  caused 
the  collar) so  of  the  girders  together  with  the  roof.  The  cause  in  the  majority 
of  cases  of  deformations  and  destructions  was  the  laok  of  materials  capable 
of  preserving  the  supporting  capacities  when  affected  by  the  unfavorable 
action  of  the  surrounding  medium  and  large  deposits  of  snow  on  the  roof  at  a 
lower  level,  which  also  contributed  to  the  formation  of  condensates  in  the 
layer  of  insulation. 

Th~  painting  of  the  metal  structures  to  prevent  their  corrosion  with 
varnish  [Kuzbasslalc]  or  with  oil  paints  proved  rather  ineffective.  The  rein¬ 
forced  concrete  structure  of  the  roof  were  coated  with  asphalt  as  a  protection 
against  the  action  of  the  surrounding  medium,  but  this  did  not  prevent  tho 
destruction  of  the  concrete.  .Antiseptics  and  paints  failed  also  to  prevent 
the  destruction  of  the  wooden  structures  in  the  eloctric-bath  room  of  the 
electrolytic  shop.  The  damaging  effect  of  the  surroundings  on  the  materials 
of  the  structures  is,  of  course,  a  phenomenom  taking  place  only  in  the  Extreme 
ilorth,  but’  the  low  temperatures  and  the  long  winter  season  contribute  more 
than  their  share.  For^ example,  the  paint  on  the  notal  structures  of  the  roof 
(m.adG  and  painted  in  warm  rooms)  became  always  damaged  during  the  assembly, 
particularly  at  the  places  occupied  by  the  electrically  welded  seams,  the 
quality  of  which  cannot  be  restored  at  low  temperatures. 

To  prevent  the  roofing  materials  from  the  damaging  action  of  the  sur- 
ro undings  it  is  necessary,  in  addition  to  improving  the  corrosionproof  ooatings 
and  additives  to  increase  the  resistance  of  tho  concrete  affected  by  the  envi¬ 
ronments,  for  the  design  to  take  into  account  the  steps  that  may  reduce  the 
possibility  of  conditions  favoring  tho  destruction  of  the  materials  of  the 
structures.  For  example,  the  destruction  of  concrete  and  metal  in  metallurgi¬ 
cal  chocs  takes  place  primarily  in  places  where  the  structures  are  subjected  to 
moisture.  The  most  intensive  destruction  of  reinforced  concrete  covering 
plates  occurs  in  places  for  building  indoor  water  drains,  in  places  favoring 
the  formation  of  condensates/  places  containing  metal  girders  on  supports  ad- 
-j0-'  ■/. '  v  the  sections  of  outside  walls  where  condensate  is  present,  at  the  open 
cassa*es,  etc.  The  best  method  of  avoiding  the  corrosion  of  materials  is  also 
good  ventilation  of  the  occupied  quarters,  which  should  be  taken  into  consi¬ 
deration  by  tho  design. 

Strong  winds,  snow  storms,  frosts,  and  tho  long  winter  season  are  the 
factors  influencing  the  selection  of  the  roofing  structure.  Several  buildings, 
.."hose  construction  was  completed  at  the  beginning  of  the  winter,  were  operating 
without  roof  until  the  arrival  of  the  spring-summer  season,  because  it  is  very 
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difficult  to  covor  tho  roof  with  roofing  material  during  tho  winter.  In  seve¬ 
ral  casos  of  hoatod  buildings,  tho  insulation  of  the  covers,  the  tightening, 
and  tho  glueing  of  the  roofing  materials  wore  performed  during  the  winter, 
which  increased  tho  cost  sharply  and  alterations  during  the  summer  became 

unavoidable. 

The  roofs  insulated  with  slag  and  foamy  concrete,  which  are  used  for 
low  design- temperatures,  due  to  their  large  weight  make  tho  supporting  struc¬ 
tures  moro  costly.  The  use  of  sl^g-felt  plates  for  insulation  mokes  it  neces¬ 
sary  to  build  additional  structures  for  supporting  the  covor  of  roofing 
materials,  because  slag-felt  has  no  supporting  capacity. 

Tho  sevore  cliir.ato  which  r.akos  the  performance  of  work  difficult,'  the 
high  cost:  of  labor,  and  the  need  for  reducing  tho  time  and  labor  spent  in 
installing  tho  structures  reveal  the  need  of  new  types  of  roofs  for  the  area3 
of  the  Extreme  North,  new  designs  for  roofs  of  industrial  buildings  have  been 
dovoloped  in  Noril'sk  in  19G0  and  are  now  used  for  construction. 

1.  Cold  roofs  made  of  shoots  of  grade  ABAT  aluminum  alloy  in  accor¬ 
dance  with  AltTU  25s-57  (Aluminum  metallurgical  specifications).  The  design  of 
the  roof  is  in  accordance  with  the  handbook  Types  of  enclosing  designs  of 
roofs  and  wails  of  unheated  industrial  buildings  made  of  corrugated  aluminum 
alloy  shoots,  published  in  1959  by  Gipromez. 

Tho  dofoct  of  the  design  is  tho  difficulty  of  securing  the  aluminum 
sheets  to  tho  girdors  and  the  large  number  of  joints  noedod  in  assembling  the 
roof ,  which  makes  it  difficult  to  obtain  airtight  connections.  Its  advantages 
cone i  o  vo  of  sharply  reduced  coots,  less  time  and  labor  spent  in  installing  the 
structures,  and  ability  to  work  at  lower  temperatures.  Cold  roofs  of  aluminum 
shoots  should  bo  widely  used  for  construction  in  the  areas  of  the  Extreme 
North;  it  is,  however,  advisable  to  change  somewhat  their  design.  Large  one- 
piece  roofing  panels  should  be  used  instead  of  separate  sheets. 

2.  Insulated  roof  made  of  aluminum  sheets.  The  roofing  panels  are 
Z  x  j  motors  in  size  and  are  made  of  corrugated  aluminum  capable  of  being 
supported  by  a  span  of  3  motors  of  slag-felt  plates  and  a  supporting  sheet."  of 
corrv.gatod  asbestos  veneor  or  galvanized  iron  (Fig.  97).  This  structure  is 
econo  ical  and  is  not  difficult  to  assemble.  Its  use  makes  it  possible  to 
perform  successfully  the  work  at  low  temperatures. 

Tho  motal  used  for  the  supporting  structures,  which  in  this  case 
consist  of  light-weight  rod-trussos  and  girders  with  a  span  of  up  to  18 
motors,  is  noarly  of  tho  same  amount  as  used  for  the  reinforcement  of  the 
roinforcod  concrete  structures  of  a  roof  extending  over  the  same  span.  Since 
such  oanols  are  rathor  new  in  Noril’sk,  it  can  be  expected  that  several  chan— 
;os  -  ill  bo  introduced  in  their  design.  However,  roofing  structures  m,-de  of 
aluminum  and  insulated  with  slag-felt  deserve,  indisputably,  a  wide  application 
in  tho  areas  of  the  Extreme  North. 

5.  Roofs  assembled  from  precast  reinforced  conorete  plates  for  un-1 
heated  buildings.  The  6  x  15  and  5  x  3-notar  PXZh  plates  which  are  employed 
for  covering  industrial  buildings  do  not  eliminate  the  need  of  cement  or 
asphalt  coating  and  gluoing  of  roofing  materials,  which  is  difficult  to  accom¬ 
plish  during  the  winter.  It  would  bo  more  expedient  to  level  up  the  3urfaoe 
of  the  concrete  with  cement  ooating  at  tho  plant  of  reinforced  concrete 
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products  during  the  concreteing  of  the  plates  and  also  to  attach  there  the 
roofing  paper.  Such  a  method  would  stake  it  possible  (after  the  plates  are 
assembled  and  the  joints  are  sealed  along  the  lower  layer  of  the  roofing 
paper)  to  spond  a  minimum  of  time  to  complete  entirely  the  work  of  construc¬ 
ting  the  roof  in  winter  time,  and  this  is  very  important  in  view  of  the  condi¬ 
tions  of  the  Zxtreme  North. 


Pig.  97.  Insulated  roofing  panels  made  of  aluminum  alloy 
corrugated  sheets 

a)  SO  x  60-meter  insulated  panel:  l)  corrugated  aluminum  0.8  mm 
in  thickness;  2)  5  x  10  cm  block;  3)  10  x  10  cm  blook;  4) 
galvanized  iron  lining;  5)  slag-felt; 

b)  supporting  structure  for  girder  spacing  of  6  meters:  l)  insula¬ 
ted  panel;  2)  rod-girder  6  meters  in  length;  5)  girder  or 
reinforced  concrete  beam; 

c)  version  of  enlarging  the  panels  into  blocks  for  12-moter 
spacing  of  supporting  structures; 

d)  version  of  enlarging  panels  into  blocks  for  18-meter  spacing 
of  the  supporting  structures,  (no  =  along). 
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4.  Roofs  with  precast  reinforced  concrete  plates  for  heated  buildings, 
-■'or  A.o  roof  3  of  hooted  buildings  arc  suitable  the  PXZh  plates  insulated  with 
sla--folt;  the  lattor  aro  recommended  for  covering  the  open  ventilated  space 
vuidcr  the  ground  floor  of  buildings  having  fireproof  floors  (Fig.  93,  p.114). 
In  this  case,  the  plant  of  reinCorcod  concrete  products  should  make  the  sur¬ 
face  of  the  platos  as  oven  as  possible  (or  apply  a  coating)  and  attaoh  by 
gluoing  one  layer  of  roofing  material.  The  PXZh  plates  with  a  width  of  3 
motors  are  rocommondod  as  tho  most  suitable  type.  Their  application  requires 
fewer  joints,  which  is  very  important  booause  the  sealing  of  joints  is  very 
difficult  in  winter. 


Covers  for  attics  and  roofs  for  residential,  cultural, 
and  goneral-purpose  buildings 

There  is  no  difference  botwoon  tho  attic  covers  and  the  roof3  built  in 
in  tho  areas  of  the  Extreme  North  and  those  built  under  ordinary  climatic  con¬ 
ditions,  except  for  tho  stronger  anchoring  of  tho  rafters  in  areas  subjected 
to  strong  winds.  The  latter  statement  is  illustrated  by  a  case  taking  place 
in  1941,  when  a  strong  snowstorm  pulled  down  the  entire  roof  with  its  rafters 
from  a  residential  building  locatod  on  Zavodskaya  street.  Separato  sections 
continued  to  be  tom  off  the  roof  by  snowstoms  during  the  following  years. 
Attics  must  also  be  protected  against  deposits  of  snorr.  For  this  reason,  roofs 
mado  of  slate,  asbestos  veneer,  or  of  other  materials  for  whioli  the  sealing  of 
joints  is  difficult  cannot  be  recommended.  Roofs  with  roofing  materials  attached 
to  laths  proved  to  be  unsuitable,  because  the  clueing  can  bo  done  onlv  during 
tho  summer.  The  attemnt  to  use  a  cement  containing  solvents  for  glueing  during 
winter  ended  unsuccessfully.  The  tearing  off  of  roofing  paper  during  the  snow¬ 
stoms  is  a  fro^uont  phenomonom.  Considerable  advantages  Ocji  be  obtained  by 
usir.^,  roofs  covered  with  iron.  They  provide  the  required  airtightness  in  the 
joints  and  they  can  be  installed  at  any  time  of  the  year.  Strong  winds  and 
snowstorms,  however,  requiro  a  stronger  attachment  of  the  sheets  to  the  lathing 
and  a  very  good  joint  between  the  sheets.  The  roofs  are  made  without  drains, 
with  open  draining  of  the  water. 

T ho  over-incroasing  volume  of  large-panel  construction  in  the  areas  of 
the  Extreme  North  requires  the  creation  of  panels  for  roofs  containing  no 
attics.  This  would  eliminate  tho  need  of  coating  and  glueing  the  roofing  ma¬ 
terial  during  the  winter.  Those  problems  have  not  also  been  solved  by  the 
plan  :‘or  series  1-464-li  residential  buildings  revised  for  the  areas  of  the 
.tetrone  North.  Tho  design  of  attic-loss  roofs  adopted  by  this  plan  specifies 
a  combined  insulation'  of  porous  clay  fillor,  slag-felt  platos,  a  plate  of 
porous  clay  fillor  with  concrete,  glued  roofing  material,  and  a  vapor- insula- 
"„i:.g  layer  (Fig.  98a).  All  listed  operations  are  to  bo  performed  after  the 
installation  of  tho  covering  panels,  which  is  particulary  difficult  during  the 
winter. 

In  using  the  design  type  of  series  1-464-1!  houses  for  construction 
in  Noril'sk,  thoro  have  been  developed  two  versions  of  roofs  for  attic-less 

buildings. 

1.  An  insulated  roof  panel  with  a  comice  (Fig.  98b)  to  replace  the 
covering  panels  specified  in  the  plan.  The  advantage  of  this  version  is  that 
it  eliminates  the  installation  of  insulation,  coating,  and  glueing  of  roofing 
material,  which  are  difficult  to  perform  during  the  winter.  In  addition,  it 
eliminates  the  cornice  blocks.  The  unfavorable  features  df  this  vorsion  are j 
the  need  of  preparing  new  types  of  panels  (for  this  is  adopted  a  thin-walled 
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.corrug-ted  design  similar  to  the  PKZh  typo  of  plates)  and  the  presence  of  cer¬ 
tain  .joints  which  create  small  brifges  of  cold  and  which  make  the  construction 
of  tho  panels  difficult. 


Pig.  98.  Sectional  view  of  roof  without  attic  for 
large-panel  series  1-4G4-K  house 

a)  design  of  combined  roof  as  per  plan  for  type  1-464-M;  b)  pro¬ 
posed  version  of  combined  roof:  1)  slug-cotton  plates;  2)  wall  panel. 

hoy:  (read  from  top  down) 

-1)  3  layers  of  ruberoid  ever  a  layer  of  perganyn  on  mastic; 
concrete  with  porous  cluy  filler;  porous  olay  filler  on 
a  slope  from  140  to  270  mm;  vaporproof :  1  layer  ruberoid 
on  mastic;  covering  panel. 

(2)  3  layers  of  ruberoid  over  a  layer  of  vergamyn  on  m»stio; 
reinforced  concrete  corrugated  panel;  slug-felt;  vapor- 
proofing:  1  layer  of  ruberoid  on  mastio;  dry  plaster  over 
wooden  laths. 


2.  Panels  with  cornice  and  finished  cover  to  be  installed  after  com¬ 
pleting  the  work  on  insulation  of  the  covers.  The  advantage  of  this  version 
is  «nat  xw  eliminates  the  coating,  wnile  tne  roofing  material  is  glued  on  at 
the  p-xanu  when  the  plates  are  made.  At  tho  construction  site,  only  the 
joints  are  sealed  and  only  the  top  layer  of  the  roofing  material  is  glued  on. 
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Tho  disadvantage  of  this  version  is  that  it  requires  the  use  of  other  types 
of  roof  panels  and  a  larger  consumption  of  reinforced  ooncrete,  although  the 
lcVowOr*  is  compensated  in  the  house,  as  a  who le ,  by  approximately  the  same 
quantity  of  roinforced  concrete  saved  by  the  revised  design  for  the  cover 
above  the  open  ventilated  space  under  the  ground  floor. 

It  is  not  yet  possible  to  recommend  either  of  these  versions  for  buil¬ 
ding  roof  without  attics  for  large-panel  residential  houses  of  the  Extreme 
North,  because  neither  tho  basic  version  of  the  plan  nor  the  revised  versions 
for  Noril'sk  (versions  1  and  2)  have  been  tried  out  until  recently.  However, 
with  respect  to  cost  and  performance  of  work,  the  version  1  is  most  suitable 
for  the  aroas  of  the  Extreme  North  (Fig.  98b). 


4.  Walls 

Walls  of  residential,  cultural,  and  general-purpose  buildings 

The  high  cost  of  improvements,  engineering  utilities,  and  of  founda¬ 
tions  in  tho  ares  of  thr  Extreme  North,  tho  desire  to  shorten  the  length  of 
tho  routes  used  by  pedestrians  —  these  are  the  factors  which  determined  the 
oxpodicncy  of  multi- story  construction,  which  explains  the  predominance  of 
buildings  with  3  to  5  stories  adopted  for  Noril’sk,  Dudinka,  Yakutsk,  and 
Vorkuta,  For  buildings  of  this  height  it  is  profitable  to  take  advantage  of 
tuo  supporting  capacity  of  the  walls  and  partitions.  For  the  Extreme  North, 
the  design  of  the  walls  must  satisfy  additional  requirements,  namely,  longer 
durability  of  the  buildings  and  tho  possibility  of  their  erection  during  tho 
winter  season.  To  this  should  be  added  that  it  is  very  diff ioult  to  put  out 
fires  occurring  during  the  cold  weathers,  especially  during  strong  snowstorms 
(snow  clogging  the  access  for  the  fire  trucks,  instantaneous  freezing  of  fire 
hoses,  rapid  spread  of  fire  during  snowstorms,  etc.)  and  for  this  reason  the 
•..•alls  should  bo  made  of  fireproof  materials. 

Tho  wind  loads  affect  very  substantially  the  designs  of  the  walls. 

For  the  5-story  residential  buildings  of  Noril’sk  it  made  it  necessary  to  con¬ 
struct  additional  major  transverse  walls,  because  the  principal  transverse 
’.rails  separated  by  smokestack  and  ventilation  channels  did  not  provide  the 
durability  necessary  to  withstand  the  wind  loads  specified  by  the  design.  At 
the  time  of  strong  snowstorms  there  is  observed  a  sharp  drop  in  temperature  in 
the  rooms  situated  at  the  windy  side.  This  is  particularly  felt  in  brick  and 
wooden  houses  which  are  not  plastered  6n  the  outside.  To  moderate  the  oooling 
of  the  rooms  of  brick  buildings,  it  is  necessary  to  fill  and  seal  more  thoro¬ 
ughly  the  outside  masonry  joints  (if  the  building  is  nor  covered  with  plaster 
on  tho  outside)  and  pay  special  attention  to  the  insulation  of  the  window  and 
door  blocks  and  the  joints  between  the  covers  and  the  ..alls.  For  wooden 
houses  it  is  advisable  to  insulate  the  outside  with  roofing  paper  with  a  sub¬ 
sequent  sheathing  with  "vagonka  or  asbestos  voneer. 

The  difficulties  experienced  in  performing  tho  work  limit  tho  selec¬ 
tion  of  construction  methods.  It  is  almost  impossible  to  erect  walls  with 
concrete  grout  or  with  concrete  containing  no  sand,  because  it  is  connected 
with  creating  conditions  favoring  the  ooncrete  gaining  in  strength  at  the  low 
temperature  of  the  air.  The  laying  of  brick  walls  and  walls  of  large  brick  or 
slag- ooncreto  blocks  during  the  winter  season  is  the  cause  of  many  difficulties 
and  .-'-pleasant  consequences.  It  should  bo  also  taken  into  account  that  the 
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cost  of  walls  made  of  bricks  is  excessively  high,  even  in  areas  containing 
their  own  briokyards  (Noril'sk,  Vorkuta,  Yakutsk).  The  neod  for  creation  of 
now  materials  for  wall  is  self-evident,  particularly  for  the  areas  of  the 
Extreme  North;  in  practice,  however,  it  is  still  the  same-as-before  materials 
which  are  used  in  construction;  it  is  necessary  to  search  for  better  construc¬ 
tion  methods  based  on  such  materials. 

At  the  present  time,  in  addition  to  those  already  mentioned,  there  is 
experience  with  planning  and  construction  of  walls  designed  as  follows. 

1.  Slag-gypsum  walls  lined  with  brick  on  the  outside  (Fig.  99)  have 
been  bujslt  for  several  2-rtory  residential  houses  in  Noril'sk.  The  outside 
brick  lining  was  laid  on  cement  mortar.  The  slag-concrete  was  poured  into  an 
inside  enclosing  mold.  The  cost  por  1  sq.  meter  of  wall  amounted  to  60-70^ 
of  the  cost  of  brick  walls.  The  slag-gypsum  solution  became  set  at  low  outside 
temperatures.  The  exploitation  of  the  houses  proved  the  complete  suitability 
of  such  wall s  for  houses  up  to  two  stories  high  which  are  erected  under  the 
conditions  of  the  Extreme  North  (the  recommended  height  is  do to mined  by  the 
grade  of  tho  slag- gypsum  employed  for  construction  in  Noril’sk).  The  defect 
of  the  design  is  the* large  labor- intensity  required  for  the  work  and  the 
presence  of  ,Lwet"  processes. 


Fig.  99.  Slag-gypsum  walls  lined  with  bricks 

2.  Large  panels  made  of  light  concretes  (gas-oinder-ooncrete,  concrete 
wi.  i  _rous  clay  filler,  slag  concrete)  reduce  considerably  the  construction 
labor-intensity,  make  it  possible  to  do  the  work  at  low  temperatures,  and 
ore-/:  )  the  needed  rigidity  and  durability  for  the  buildings  erected  during 
t:.:  '  ..tor  season.  The  unfavorable  feature  of  such  panels  is  the  largo  weight 
(•'  as  4.5  tons)  which  results  in  very  high  cost  of  delivery  to  the  areas  of 
c  a  -crone  North  from  the  manufacturing  plants  located  in  areas  with  more 
.  _»  .te  climate.  Local  production  of  panels  is  restricted  in  many  cases  by 
-c..~  -wesence  of  light  inert  fillers  and  by  the  high  cost.  The  cost  of  panels 
varies  in  different  areas.  In  Noril'sk,  for  example,  the  earlier  plans  for 
production  of  panels  by  using  tho  porous  clay  filler  obtained  from  a  pilot 
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plant  provoc.  to  bo  unprofitable;  compared  with  brick,  it  increased  by  25-30/2 
the  cost  por  1  so.  meter  of  outside  walls  of  heated  buildings.  However,  with 
the  "cinder-solution"  unit  going  into  operation  for  production  of  solutions 
based  on  the  pulverized  cinders  taken  from  the  hydro-cinder-removal  unit  of 
the  central  thermoelectric  station  (TETs),  there  appeared  an  opportunity  of 
using  for  outside  walls  the  panels  made  of  gas-oinder-conorete.  This  can 
reduce  to  one-hulf  the  cost  per  1  Sq.  motor  of  v/alls,  compared  with  the  cost 
of  brick  walls. 

In  1961,  plans  were  made  in  iioril’sk  for  mass-application  in  residential 
construction  of  outside  v/alls  of  gas-cinder-conorete  panels  made  from  the 
cindor- solutions  of  the  TETs.  Large-panel  houses  will  be  built  in  accordance 
with  tho  type  of  design  known  as  series  10464-M  by  changing  only  the  design  of 
the  roof  and  tho  covor  abovo  the  open  ventilated  space  under  the  ground  floor. 
The  panels  have  a  thickness  of  40  cm,  incl'iding  the  outside  coating  layer  of 
2.5  cm  thick.  The  coating  layer  is  added  -;;o  protect  the  gas-oinder-aoncrete 
against  tho  harmful  effoct  of  the  atmospherical  phenomena.  The  gas-cinder- 
concroto  used  for  making  the  panels  has  the  following  physical  and  mechanical 
properties;  grade  R  =  50  kg/cm2  with  moisture  of  W  =  0%,  *y  =  900-950  kilograms 
por  cubic  meter,  and  =.0.21-0.23  (  where  ‘'f  is  the  volumetrio  weight  and  is 
to  coefficient  of  thermal  conductivity' in  kilooalories/meter»hour. degree). 


Fig.  100.  Panels  connected  to  metal  inserts,  as  done  for 
large-panol,  series  1-464-LI,  residential  houses 
a^  top  view;  1)  outside  wall  panel;  2)  inside  wall  panels 
3)  30  x  8  ma  anchor  of  bar  steel  welded  to  the  inserts  of 
the  wall  panels;  b)  view  along  1-1 


In  designing  the  houses  it  is  necessary  to  take  into  account  that  large 
panels  can  be  assembled  only  when  the  wind  velocity  does  not  exceed  12-15 
meters  per  second  (to  enable  the  cranes  to  operate).  This,  in  certain  areas 
of  tho  Extreme  North,  may  cause  idlenoss  of  up  to  60-100  days  per  year.  In 
addition,  the  use  of  panels  requires  that  special  attention  should  be  given 
to  the  joints. 

To  obtain  joints  of  good  quality  (in  strength  and  to  satisfy  the  heat- 
insulation  requirements)  it  is  necessary  to  use  solutions  that  will  make  tho 
work  and  gain  in  strength  possible  at  low  temperatures.  Special  attention 
should  bo  paid  to  the  method  of  making  the  joints  which  are  effected  by  elec¬ 
tric  welding  of  the  inserted  metal  parts.  The  strength  of  the  joints  (Fig.  100 ) 
in  the  existing  types  of  designs  is  inadequate  to  prevent  the  deformation  of 
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houses  caused  by  unequal  sagging  of  individual  foundations.  It  is  known  that 
large  irregular  saggings'  of  buildings  are  common  in  the  areas  of  the  Extreme 
Horth  (Vorkuta,  Igarka,  and  others).  Also,  large  saggings  are  unavoidable  in 
buildings  croctod  on  loose  frozen  grounds  without  preserving  the  permafrost 
state  of  the  grounds.  All  this  makes  it  necessary  to  obtain  elastic  joints 
for  the  metal  insorts  v.'hich,  while  not  preventing  the  sagging  of  the  building 
and  the  opening  of  the  seams  v.'hich  secure  the  panels,  would  at  th6  same  time 
retain  the  durability  of  the  building. 

Still  remaining  unsolved  for  the  areas  of  the  Extreme  North  is  the  ven¬ 
tilation  of  residential  houses.  In  opening  the  air-vont  (small  hinged  window) 
the  enclosures  of  the  glass  panes  become  coverod  with  ioe  and  are  difficult 
to  close.  The  air-vent  frequently  freezes  to  the  transom  and  its  opening  may 
damage  its  glass  pane  or  the  transom.  It  is  advisable  that  the  plan  developed 
for  the  series  l-46d— 7.1  large-panel  residential  houses  should  provido  ventila¬ 
tion  whore  the  air-vont  should  serve  ac  an.  additional  means  of  ventilation 
to  be  used  only  during  the  summer  season. 


The  walls  of  industrial  buildings 

Up  to  the  present  time,  brick  still  remains  the  principal  construction 
material  for  the  walls  of  industrial  buildings;  less  frequently  used  are  slag- 
concrete,  s&ndless  concrete,  and  timber  in  certain  areas  (Igarka).  For  unhoated 
buildings,  in  addition  to  the  above-listed  matorials,  ’.mils  are  also  made  of 
precast  reinforced  concrete  panel-plates  and  corrugated  iron.  In  erecting  walls 
during  the  winter  season,  it  is  impossible  to  fill  and  seal  the  masonry  seams 
duo  to  the  rapid  freezing  of  the  mortar.  As  a  result,  the  draft  at  the  time 
of  strong  winds  is  so  large  that  in  heated  buildings  there  is  an  inadmissible 
drop  in  temperature;  in  unhoated  buildings  with  walls  not  thicker  than  25-38 
centimeters,  the  movement  of  cold  air  during  the  snowstorms  is  felt  all  over 
and  makes  the  exploitation  of  the  building  difficult.  As  an  example  are  the 
unheatod  smolting  and  rofinining  shops  of  the  lloril'sk  Copper  Smelting  Plant, 
where  a  large  part  of  the  walls  had  to  be  plastered  and  certain  parts  had  to 
bo  insulated  with  cement-f ibrolite  plates.  In  addition  to  tho  listed  defects, 
the  use  of  bricks  or  blocks  increases  the  weight  of  the  building  and  the  cost 
of  foundations  and  carcasses. 

The  use  of  reinforced  concrete,  thin-walled,  panels  made  it  muon  easier 
to  construct  the  buildings  and  it  improved  the  conditions  for  exploitation. 
Panels,  however,  are  used  at  the  present  time  only  for  unheated  buildings.  In¬ 
sulated  wall-panels  for  use  in  industrial  buildings  have  not  been  tried  out 
as  yet  in  the  areas  of  the  Extreme  North. 

The  unfavorable  feature  of  using  large  reinforced  concrote  wall-panels 
for  unhoated  buildings  is  the  difficult  sealing  of  the  seams.  In  lloril'sk,  a 
good  performance  ms  obtained  from  walls  made  of  corrugated  iron.  Tilth  seams 
of  good  quality,  the  walls  are  adequately  airtight,  thoir  erection  is  less  dif¬ 
ficult,  and  make  it  easier  to  support  the  structures.  The  unfavorable  feature 
of  corrugated  iron  is  its  corrosion.  In  lloril'sk,  under  development  at  the 
present  time  are  designs  of  cold  and  insulated  wall-panels  made  of  aluminum 
alloys  insulated  (  for  warm  panels)  with  slag-felt.  Those,  however,  have  not 
been  tried  out  as  yet. 

A  considerable  saving  in  cost  of  walls  of  Noril'sk  industrial  buildings 
was  obtained  from  the  use  of  large  gas-cinder-concrete  blocks.  The  size  of  the 
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is  based  on  the  weight  of  up  to  4.5  tons  per  block.  The  high  strength  of  gas- 
cinder-concrcto  (the  grade  of  the  products  obtained  in  Noril'sk  fron  gas-oinder- 
concreto  is  from  50  to  75  kg/cm^)  makes  it  suitable  for  use  as  supporting  wall- 

panols. 


Filling  the  openings  in  windows  of  industrial  buildings 

In  designing  walls  of  industrial  building  for  the  areas  of  the  Extreme 
Forth  special  attention  must  bo  paid  to  the  filling  of  the  openings  in  windows . 
The  use  of  conventional  transoms  with  duplox  window  panes  irrespective  of  the 
size  of  the  openings  in  tho  windows  does  not  provide  the  requirod  illumination. 
During  tho  long  winter,  tho  surfaco  of  tho  glass  becomes  oovered  with  ice  and 
snow  which  form  an  opaquo  layer.  The  high  moisture  inside  the  heated  buildings 
forms  ice  blocks  'which  not  only  obscuro  tho  illumination,  but  also  make  it 
difficult  to  work  near  the  gaps  in  the  windows . 

Such  a  phenomonom  can  be  observed  in  the  heated  shops  of  the  metallur¬ 
gical  plants  in  lToril*sk,  particularly  in  the  machine  room  of  the  TETs  which 
is  oquipood  with  double  metal  transoms.  The  ice  formed  on  the  windows  (Fig. 

101 )  becomes  water  running  on  the  floor.  Ice  deposits  reduoe  drastically  the 
temperature  near  the  windo  gaps,  large  masses  of  cold  air  are  blown  in  through 
the  gaps  of  tho  windows  durin  a  snowstorm,  and  near  the  windows  are  formed 
ssetions  with  continuous  vapors  of  steam.  The  inadequate  illumination,  the 
formation  of  ice  deposits,  dampness,  vapors,  and  the  harmful  effect  of  drop  in 
temperature  had  for  their  result  that  the  largest  part  of  the  windows  remain 
insulated  with  special  mats  during  tho  entire  winter  season,  or  are  filled 
by  masonry. 


Fig.  101.  Ioe  deposits  on  window  transoms  in 
machine  room  of  TETs 
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From  what  ms  said  above,  it  is  obvious  that  the  filling  of  windows, 
as  it  is  usually  done  for  heatod  buildings  under  the  conditions  of  the  Extreme 
ITorth,  do  not  provide-  illumination  and  impairs  the  exploitation  conditions. 


Fig.  102.  Design  of  experimental  filling  of  window  space 
for  the  machine  room  of  TETs 

a)  general  view  of  filling;  b)  section  1-1;  c)  glass-pane  assembly; 
1)  window  block;  2)  glass-p  ne  assembly;  3)  wooden  shaped  block; 

4)  window  frame;  5)  packing  items;  6)  bituminous  mastic  (grade  2-3 
of  bitumen  and  15$  asbestos);  7)  water  glass  glue  (  sp.  gravity  1.35- 
1.36)  and  14-15$  (by  weight)  of  sodium  fluosilioate. 


.u,  on  example  is  the  experimental  filling  of  window  space  for  the  machine 
room  of  the  IJoril’sk  TETs.  Instead  of  double  metal  transoms  were  installed 
single  wooden  transoms  filled  with  glass-pano  assemblies.  The  glass-pane 
assembly  consists  of  two  sheets  glued  on  a  wooden  rack  of  30  mm  in  thiokness. 
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to  make  it  more  airtight,  tho  rack  is  located  2-3  mm  from  the  facets  of  the 
glass  and  the  space  between  the  facet  and  the  rack  is  filled  v/ith  petroleum 
asphalt.  In  installing  the  glass-pane  unit  it  is  very  important  to  obtain 
a  maximum  airtightnoss  for  the  joint,  which  is  achieved  by  filling  the  seams 
with  bitumen  or  with  a  special  nastio  (Fig,  102).  The  experience  with  the 
performance  of  the  window  spaces  filled  v/ith  glass-pane  assemblies  proved 
that  it  eliminates  the  icing  of  both  tho  outside  and  inside  surfaces  and  the 
glass  remains  transparent.  The  window  spaces  with  double  metal  transoms 
(Fig.  101)  and  with  glass-pane  assemblies  (Fig.  103)  have  been  photographed 
at  the  same  time. 


Fig.  103.  Window  space  in  TETs  maohine  room 
filled  v/ith  glass-pane  assemblies 


3ased  on  tho  experiment  which  was  carried  out,  it  was  decided  to  re¬ 
place  the  double  metal”  transoms  with  single  wooden  ones  filled  v/ith  glass-pane 
assemblies  and,  later,  to  use  transoms  with  glass-pane  assemblies  also  in 
othor  industrial  buildings.  The  use  of  glass-pone  assemblies  inmproved. con¬ 
siderably  tho  working  conditions  inside  the  building,  eliminated  the  icing, 
but  did  not,  hov/ovor,  eliminate  the  drafts  though  the  joints  between  the  glass- 
pane  assemblies  and  the  transoms. 
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Chapter  IV 

BUILDING  STRUCTURES  FOR  THE  AREAS 
OF  THE  EXTREME  HoRTH 

pp  150-192 

1.  STONE  STRUCTURES 
Bricklaying 


The  presence  of  brickyards  in  several  areas  of  the  Extreme  North  (in. 
Noril'sk,  Vorkuta,  Yakuts,  and  others)  and  the  absence  of  industrial  bases 
for  the  production  of  new  types  of  materials  made  of  stone  are  the  factors 
which  predetermine  for  the  next  few  years  the  wide  use  of  bricks  for  residen- 
;l  '.l  and  industrial  construction  in  these  areas.  The  erection  of  brick  walls 
and  also  walls  from  large  blocks  of  bricks  (which  are  extensively  used  for 
construction  in  Noril'sk)  under  the  conditions  of  a  long  period  of  continuous 
low  temperatures  is  connected  with  many  difficulties.  However,  the  necessity 
of  interrupted  construction  and  putting  to  use  tho  whole  year  round  of  resi¬ 
dential  houses  and  industrial  enterprises  makes  it  necessary  to  perform  the 
bricklaying  during  the  winter  season  (up  to  70-60!#  of  the  entire  volume). 

The  heating  of  large  quantities  of  bricks  or  large  blocks  of  brick 
for  laying  is  unfeasible  in  practice.  Bricklaying  with  tho  aid  of  electric 
heating  makes  the  work  more  costly  and  more  difficult.  With  frosts  ranging 
below  -55  to  -40°»  the  mortar  in  the  seams  freezes  considerably  sooner  than 
a  section  heated  by  inserted  electrodes  is  completed.  It  becomes  necessary 
to  heat  the  brickwork  with  hot  water  or  steam  before  the  current  begins  to 
flow.  Electric  heating  in  bricklaying  requires  a  large  consumption  of  elec¬ 
trodes,  olectric  power,  and  does  not  assure  a  uniform  heating  of  all  sections. 

In  Noril'sk,  where  electric  power  is  considerably  cheaper  than  in  other 
areas  of  the  Extreme  North,  electric  heating  was  abandoned  even  for  the  erec¬ 
tion  of  such  unique  structures  as  the  smokestacks  of  100  to  150  meters  high. 
Electric  heating  in  bricklaying  was  effected  in  Noril'sk  in  1940-1941  for  the 
construction  of  the  smokestack  of  tho  nickel  plant  and  for  the  supporting 
walls  of  industrial  plants. 

The  use  of  usual  antifreezo  additives,  such  as  potassium  chloride  and 
sodium  chloride,  results  in  an  insignificant  gain  in  strength  by  the  mortar, 
both  h  .fore  it  freezes  and  when  already  frozen.  With  the  air  at  low  tempera¬ 
ture,  its  freezing,  as  in  case  of  ordinary  mortar,  begins  before  it  becomes 
set.  for  this  reason,  the  strength  of  the  laying  performed  with  a  mortar  using 
the  mentioned  additives  is  practically  not  higher  during  the  thawing  period 
tun  in  the  case  of  ordinary  mortar.  The  effect  of  these  additives  on  the 
r ability  of  the  mortar  at  low  temperatures  is  also  insignificant.  Their  use 
.  .os  not  eliminate  the  heating  of  the  mortar.  Because  of  the  high  hygrosco- 
.  oicy  of  the  mortar,  the  walls  become  very  moist  during  their  first  few 
•-ears  in  use  which  impairs  their  heat- insulating  properties,  and  this  is  par¬ 
ticularly  unfavorable-  in  view  of  the  conditions  of  the  Extreme  North.  In 
using  mortars  containing  additives,  it  will  form  deposits  of  salts  on  the  walls. 
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Othor  types  of  chemical  additives  are  not  yet  used  for  construction  in 
the  areas  of  the  Extreme  North;  the  additives  listed  above  increase  the  cost 
of  production,  offer  no  advantages  for  performing  the  work,  provide  an  inade¬ 
quate  incroaso  in  strength  of  structures  during  the  thawing  period  and,  there¬ 
fore,  cannot  bo  rocomnended.  for  use  in  the  areas  of  the  Extreme.  North, . 

Bricklaying  in  temporary  enclosures  can  be  justified  only  for  certain 
unique  structures.  In  Noril'sk,  temporary  enclosures  were  used  only  for 
laying  fireproof  bricks  for  metallurgical  furnaces  and  smokestacks.  The  ex-, 
perionco  with  construction  proved  that  bricklaying  during  the  winter  should 
bo  performed  by  using  warm  mortar.  Howevor,  with  a  frost  of  35  to  40  degrees 
below  sere,  it  is  impossible  to  spread  even  heated  mortar  over  the  wall  and, 
more  so,  to  fill  up  vertical  scans.  The  mortar  freezes  as  soon  as  it  is 
applied  on  tho  wall.  Especially  difficult  is  to  deposit  a  uniform  layer  of 
mortar  with  a  soam  of  required  thickness  when  dealing  with  large  blocks  of 
bricks.  To  this  should  be  addod  that,  as  a  rule,  there  are  no  thaws  during 
the  long  winter  in  the  areas  of  tho  Extreme  North;  therefore,  there  can  be  no 
sagging  of  tho  lower  sections  during  the  thawing  period  that  oan  bo  caused  by 
tho  softening  of  tho  mortar.  It  is  only  natural  that  in  suoh  oases  the  sag- 
;in  '  of  walls  is  largo  during  the  thawing.  The  latter  is  w.g  well  illustrated 
1.  .•  lential  houses  in  which  the  rooms  are  divided  by  partitions  one  story 
hoi  it  which,  with  the  arrival  of  the  spring-summer  period,  were  subjected 

to  ing  on  both  sides.  The  walls  sagged  to  such  an  extent,  that  the  oement- 

fibroiite  partitions  bocamd  deflected  on  one  side  by  up  to  10  cm. 

It  shoujd  be  pointed  out  that  tho  use  of  bricks  in  combination  with 
I-  .•  -o  .rich-blocks  previously  made  at  tho  plant, in  which  the  mortar  has 
;.l  •  ..  the  specified  strength,  will  cause  in  one  of  the  walls  (as  it  is  fore- 

o  oi  i.i  tyoical  plans  for  residential  houses)  the  formation  of  vetrical  cracks, 

g;  can  be  frequently  observed  that  both  tho  bricks  and  the  blocks  break  over 
entire  section  and  tho  cracks  reach  a  height  of  several  tens  of  oentimoters. 
similar  cracks  can  bo  also  observed  on  sections  of  blocks.  Their  formation  is 
explained  as  duo  to  the  irregulal  sagging  of  the  mortar  along  the  wall  which 
results  in  bonding  of  tho  blocks.  Those  phenomena  reduce  substantially  the 
sun sorting  caoacity  of  tho  walls,  affect  the  rigidity  of  the  buildings,  and  in 
certain  oases  rosuit  in  destruction  of  the  walls.  It  is  particularly  important 
to  take  into  account  the  difficult  conditions  of  the  Extreme  North  when  sol¬ 
ving  tine  following  problems  required  by  the  design  of  stone  structures. 

Joints  between  cover-plates  and  walls 
of  multi- story  buildings 

During  the  construction  of  multi-story  residential  houses  there  were 
c  s-.:  of  destruction  of  brick  sections  and,  occasionally,  also  of  cover-plates 
;  cos  where  there  was  an  adequate  margin  of  strength  according  to  the  oal- 
c  -.iations.  These  phe-  omena  occurred  more  frequently  in  the  partitions  of  the 

_nsido  iongitudinp'  .mil. 

Tho  upoor  part  of  tho  wall  was  resting  with  its  edges  on  the  cover  plate, 
silo  is  middle  part  was  resting  on  the  bricks  (Fig.  104).  A  part  of  the 
.11  supported  by' the  reinforced  concrete  plate  had  one  seam  within  the  height 
of  tho  oovor-plato,  while  the  middle  part  had  throe  to  four  seams  for  the  same 
k'lght.  This,' during  the  thawing  of  the  mortar,  caused  a  larger  sagging  of  the 
:  bricks  at  tho  middle  part  of  tho  wall  and  rcsultod  in  cleaving  at  the  place 
.-ro  the  laid  bricks  rested  on  the  plates,  i'ho  destruction  of  tho  laid  bricks 
- resting  place  was  so* large  that  it  required  a  temporary  bracing  during 
o  u  o.  awing  ooriod  and  a  subsoquonu  rcinforoomont  of  the  partitions. 
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Pig.  104.  Reinforcing  the  brickwork  at  the  supports  of  the  plates 

(1)  wrong;  (2)  correct;  a)  outsido  wall;  b)  inside  wall;  l)  cracks  formed 
by  thawing;  2)  anchor;  3)  insert  of  warm  concrete;  4)  heat- insulating 
gasket;  5)  concrete  insert. 

The  destruction  of  the  brickwork,  and  occasionally  of  the  hollow  cover- 
plates,  can  be  also  observed  in  the  outside  walls.  As  an  example  is  the  defor¬ 
mation  of  the  first-floor  separating  vails  of  residential  buildings  in  Noril’sk. 
During  the  spring- summer  -thawing  of  the  ’walls  erected  during  the  winter  (the 
temoorature  in  two  days  rose  from  minus  10-15°  to  +10°)  the  vails  of  the  first 
floor  began  to  bulge  and  the  brickwork  became  laminated  at  the  same  time  by 
vertical °cracks  (Fig.  105).  The  destruction  of  the  vails  vas  prevented  by  in¬ 
stalling  wooden  stands  on  wedges  which  absorbed  the  load  of  the  cover-plates 
and  of  the  tie-pieces  above  the  windows,  and  also  by  using  temporary  jackets 
for  the  walls.  The  deformation  vas  so  extensive  that  certain  walls  had  to  bo 
taken  apart  and  put  together  again.  Several  walls  went  through  an  injection 
procedure  (grade  100  cement  mortar  was  forced  into  the  brickwork).  The  struc¬ 
ture  vas  kept  in  an  enclosure  for  a  duration  of  10-15  days  at  the  outsido  tem¬ 
perature  of  the  air  ranging  from  10  to  15  degroes.  The  consumption  of  mortar 
used  for  injection  vas  equal  to  0.35  cubic  meters  oer  1  oub-io  meter  of  briok- 
work,  which  describes  the  extent  of  filling  the  seams  of  brickwork  erected  at 
low  temperatures. 


A  thorough  study  of  the  causes  of  the  destruction  of  the  walls  had 
established  that: 

a)  the  actual  stresses  in  the  walls  of  the  first  floor  dis  not  exceed 
the  calculated  resistance  of  the  brickwork  during  the  thawing  period; 

b)  the  bricklaying  of  the  first  floor  was  effected  during  severe  frosts, 
therefore,  the  thickness  of  the  seams  was  below  the  norm  and  the  seams  were 
inadequately  filled  with  mortar; 
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Tho  brickwork  was  simultaneously  subjected  to  thawing  on  both  sides  and, 
duo  to  solar  radiation,  the  thawing  was  more  intense  on  the  outside. 


Fig.  105.  Damaged  walls  of  tho  first  floor 
of  residential  homes  in  Noril'sk 


•Fig.  106.  The  sagging  of  seams  of  outside  brick  walls 
oaused  by  thawing.  1)  wall  beam. 

Tho  sagging  of  tho  brickwork  seams  on  the  outside  part  of  tho  wall  at 
the  level  of  it3  adjoining  the  covor-plates  and  the  tie-pieces  above  the 
windows  caused  the  vertical  forcos  to  shift  their  line  of  action  to  the  inside 
face  of  tho  wall;  this  increased  tho  eccentricity  of  the  load,  which  explains 
■  hy  all  doformed  separating  walls  were  bulged  towards  the  outside  by  10-15  cm. 
Tho  absenco  of  monolithio  feature  and  of  resilenoe  in  the  briokwork  at  the 
momont  of  thawing  oaused  the  lamination  of  the  wall  and  its  damage.  The  larger 
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ihie’.oioss  of  tho  seams  and  t;.o  plasticity  of  the  thawed  mortar  oau30d  tho  losa 
of  rigidity*  tho  load  of  the  upper  floors  caused  the  briokwork  of  the  floor 
to  sag  unoqually  (Fie*  106). 

Tho  following  construction  methods  aro  recommended  to  prevent  doforma<- 
tion3  and  damages  at  tho  plaoeo  where  the  covers  join  the  walls  and  in  tho 
separating  walls  of  tho  first  floor  of  multi-story  housos,  when  the  briok- 
laying  i3  porformod  during  the  v/intor  season. 


1.  At  tho  plaoe  where  tho  covor-platcn  rost  on  tho  inner  wall  or  on 
tho  wallboan  supporting  tho  inner  wall,  tho  section  botwoon  tho  plates  must 
bo  filled  with  concrete  inserts  (Fig,  104)  and  not  by  bricks;  the  plates  of 
tho  adjacont  spans  must  be  soourod  togothor  with  anchors  or  twist  joints. 

?.»  At  the  place  where  tho  cover-platos  rost  on  the  outside  walls,  it 
is  desirable  when  the  acting  forces  aro  largo  to  add  to  the  thiokness  of  the 
plato  an  insert  of  warm  oonoroto  or  a  ooromic  block.  In  certain  cases  it  is 
stifficiont  to  verify  the  supporting  capacity  of  the  brickwork  by  assuming 
that  tho  effoctive  seotion  of  the  wall  is  the  thickness  from  the  butt-end  of 
the  plato  to  tho  outside  face,  and  by  talcing  into  account  the  eccentricity 
which  lias  boon  formed.  In  this  case,  to  prevent  the  damaging  of  tho  brickwork 
above  the  plato,  or  to  prevent  the  crushing  of  the  plato,  it  is  advisable  to 
loavo  a  gap  abovo  the  plate  in  form,  of  a  clearance  insulated  with  building- 
felt.  Tho  strongth  of  the  brickwork  con  bo  increased  by  reinforoing  it  with 
netting  at  places  where  needod  acording  to  calculations. 


In  carrying  out  during  the  winter  tho  bricklaying  of  multi- story, 
carcassloss  buildings,  particular  attention  mu3t  be  given  to  tho  methods  of 
joining  the  transverse  walln  vrith  the  inter-floor  cover-plates  which  rest  on 
the  longitudinal  walls.  On  one  side  is  required  a  rigid  joint  between  the 
plates  and  the  transverse  walls,  beoauso  the  entire  force  of  tho  wind  is 
transmitted  to  tho  transvorse  walls  only  through  the  oover-plates  (which  ex¬ 
plains  the  need  of  joining  the  plates  into  a  monolith  of  good  quality).  On 
the  other  side,  the  thawing  and  sagging  of  the  brickwork  of  the  transvorse 
mils  (when  tho  enterior  heat  is  on)  will  occur  before  the  thawing  of  the 
outside  longitudinal  walls  which,  due  to  their  frozen  state,  will  not  be 
offoctod  by  sagging  during  this  time.  Evon  more  dangerous  is  that,  during  the 
spring- summer  thawing  of  the  outsido  walls,  there  is  a  possibility  of  a  ver¬ 
tical  shift  by  the  oover-plates  oaused  by  tho  sagging  of  the  outside  walls; 
this  will  affect  the  rigidity  of  the  joint  between  the  oover-plates  with  the 
transvorse  walls.  In  such  a  ease,  if  tho  plates  are  located  so  that  a  part 
of  thorn  enter  the  brickwork  of  both  the  longitudinal  and  transverse  walls,  the 
irregularity  of  the  sagging  will  unavoidably  donago  tho  walls  or  tho  covers. 


.'o  obtain  a  rigid  joint  for  the  transvorse  vmlls  of  the  building  and  the 
nlatoG  resting  on  the  longitudinal  walls,  it  is  necessary  (in  oaso  of  one¬ 
sided  thawing  of  tho  brick  walls)  to  leave  during  the  brioklaying  a 
clcaranoo  of  not  less  than  5-10  cm  between  the  side-facet  of  the  plato  and  tho 
transvorso  wall.  At  the  level  oocupied  by  the  oovors  in  tho  transvorse  walls 
should  be  inserted  wires  protruding  by  6  mm  every  15-20  om.  After  the  thawing 
of  the  walls  of  the  building  is  ended,  the  olearanoe  between  the  plate  and 
tho  transverse  wall  must  be  made  into  a  monolith  by  ooaorete. 
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Joining  tho  outside  arid  tnoido  walla 
of  carcass' oss  buildings 

any  build in.gs  aro  oompletoly  oroctod  during  tho  vrintor  and  tho  insido 
fir.ir.hini;  work:  is  also  oomplotod  (lurin'*,  tho  wintor  30QSon,  Such  buildings 
compos  ;  Vo, i  of  all  buildings  undor  con3truction  in  IJoril'sk.  Tho  inoido  fini¬ 
shing  .  orl:  is  porfomod  with  tho  hooting  syctom  in  operation.  At  this  timo, 
tho  insido  walls  aro  complotolt  thawed,  bocomo  sagged,  and  tho  mortar  at  the 
scans  acquires  tho  strength  roquirod  by  tho  design.  The  tiiawing  dopth.  in  the 
outside  walls  during  this  poriod  usually  dbos  not  exceed  5-10  cm,  but  due  to 
tho  love  tonpornturo,  tho  mortar  in  tho  brickwork  gains  little  in  strongth, 
ovon  of  tor  its  thawing. 

In  the  majority  of  oases,  tho  sagging  of  the  brickwork  of  inside  walla 
will  not  rosult  in  oracks  at  tho  places  adjoining  tho  outside  walls,  if  the 
tlnwing  is  gradual.  Tho  horizontal  scams  of  tho  inside  walls  become 
distortod  (Fig.  107a). 

In  many  casos,  buildings  in  a  state  as  mentioned  are  put  to  use  fol¬ 
lowing  the  completion  of  tho  finishing  works.  V.hen  suddonly  warmed  by  tho 
arrival  of  tiio  spring-summor  soaaon,  tho  sunshine  whioh  may  last  tho  whole 
day  and  tho  offect  of  the  interior  heating  create  conditions  which  effect 
tho  thawing  of  tho  outside  v/alls  within  2-5  days.  In  such  a  case,  tho  tempe¬ 
rature  of  tho  thawed  mortar  still  remains  low  and  its  gain  of  strongth  is 
procooding  at  a  vory  slow  rate.  During  this  period  is  observed  a  sagging  of 
of  tho  outside  walls  caused  by  the  contraction  of  the  seams  and  oracks  are 
l’ormoa  in  the  inside  walls  whore  they  join  the  outside  walls  (Figs.  107a, b). 

Tho  roinforcing  nots  insertod  at  the  joining  plaoeG  in  accordance 
with  tho  specif ications  for  bricklaying  in  winter  are  unable  to  resist  the 
breaking  away  and  to  prevent  tho  formation  of  cracks.  Tho  longitudinal  re¬ 
inforcing  not  becomes  either  broken  or  is  pulled  out  of  tho  not-yet  hardened 
mortn.*  of  tho  seams.  In  upper  floors,  such  cracks  reached  10  cm  in  cortiin 
cases,  The  strength  gained  to  a  certain  extent  by  the  mortar  inside  the 
surface  of  tho  outside  walls  and  in  the  insido  plaster-work,  tho  incompletely 
filled  sections  of  tho  sooms,  and  the  zoro-strongth  of  the  thawed  mortar 
serve  to  oroate  conditions  favoring  the  deflection  of  the  walls  in  outward 
direction.  At  tho  some  timo,  the  oombined  brickwork  of  tho  outside  walls 
(mle  of  large  brick-blocks  and  pieces  of  briok)  loses  its  rigidity  and  its 
monolithic  proporties. 

The  loss  of  strength  by  the  brickwork  of  tho  walls  during  tho  thawing 
period  was  tho  second  reason  for  tho  collapse  of  a  section  of  a  5-story 
residential  house  in  Noril'sk  during  the  spring  of  1S57  (tho  first  reason  was 
a  dar.agod  foundation).  Tho  heating  of  the  house  began  sevoral  days  bofore 
the  arrival  of  the  spring  thawing.  This  oaused  the  joints  to  lo»;e  strength 
at  a  -cino  when  tho  mortar  in  both  tho  outside  and  insido  walls  had  its  least 
strongth;  tho  exessivo  local  stresses  in  the  walls,  particularly  at  the  places 
supporting  the  plates,  exoeeded  the  supporting  capacity  of  the  walls  during 
tho  period  of  thawing  (Fig.  108).  If  the  walls  of  the  building  were  to  posses 
the  strength  and  rigidity  spocified  by  the  design,  the  damaging  of  a  single 
foundation  would  have  resulted  in  certain  deformations  and  in  localized 
damaging  of  tho  structures,  which  oould  hardly  spread  beyond  the  boundaries 
of  the  first  floor. 
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Fig.  107.  Cracks  in  brick  walls  due  to  one-sided  thawing 

ft)  sagging  of  Inside  -wall:  l)  mortar  froien;  2)  mortar  is  sot;  3) 
thawed  inside  wall;  b)  cracks  due  to  spring  thawing  of  outside  wall 


Fig,  108.  Collapse  of  section  of  5-story  residential 
houso  in  Uoril'sk 
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To  prevent  the  collapse  of  those  buildings  which  have  been  constructed 
under  the  worst  working  conditions  and  of  the  thawing  of  v;alls  with  a  design 
similar  to  the  design  of  tho  damaged  house,  the  following  steps  have  been 
taken  for  the  reinforcement  of  the  structures. 

1.  Taking  into  consideration  that  the  anchoring  of  the  inter-floor  plates 
into  tho  longitudinal  walls  is  unable  to  prevent  the  deflection  of  outside 
walls  oausea  by  thir  one-sided  thawing,  anchoring  drawing  rods  have  bee  instal¬ 
led  in  the  plane  of  the  inter-floor  oovors  of  the  third  and  fifth  floors  where 
tho  outside  and  inside  walls  intersect  each  other  (Fig.  109). 

2.  During  the  thawing  period  of  the  briok  walls,  the  building  was  reinfor¬ 
ced  with  temporary  wooden  structures  (stands,  props)  which  absorbed  both  the 
vertical  load  and  the  wind  pressure. 

3.  With  the  wall  sagging  coming  to  an  end,  the  gaps  fovaed  at  the  joints 
of  the  outside  and  inside  walls  were  filled  with  mortar  for  a  better  trans¬ 
mission  of  the  wind  pressure  by  the  longitudinal  to  the  transverse  walls. 

4.  Following  the  thawing,  the  mils  were  checked  for  their  ability  to 
absorb  tho  entire  force  of  the  winds;  for  this,  consideration  was  given  only 
to  tho  sections  between  tho  inner  facets  of  the  outside  walls.  In  certain, 
cases,  the  inadequate  strength  made  it  neoessary  to  erect,  instead  of  parti¬ 
tions  botweon  the  apartments,  solid  walls  on  the  first  and  second  floors  of 
the  buildings  under  oonstruotion. 

The  newly  designed  buildings  were  based  on  the  worst  combination  of 
possible  factors  and  on  brioklaying  under  winter  conditions.  For  the  floors 


Fig.  109.  Anchoring  walls  with  the  aid  of  drawing  rods 

a)  top  view  of layout  of  drawing  rods;  b)  part  A; 

(1)  level  of  dean  floor. 
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subjected  to  large  loads,  the  mixed  laying  of  large  brick-blocks  and  single 
bricks  is  not  pormitted  to  avoid  the  formation  of  cracks  caused  by  thawing. 

In  vie..-  of  the  difficulty  of  laying  by  using- only  brick- blocks,  the  walls  of 
the  first  and  second  floors  are  erected  in  Noril’sk  by  using  conventional 
methods.  In  addition,  contrary  to  the  direct  instruction  of  the  typical 
designs  of  residential  5-story  buildings  (series  447,  446,  etc.)  which  forbids 
one-sidod  heating  of  the  buildings,  there  is  introduced  one-sided  heating  to 
be  effected  witJvut  fail  and  to  include  also  the  lower  floors.  The  purpose  of 
this  step  is  as  follows:  at  the  moment  the  thawing  affect  the  outside  walls  and 
their  breaking  away  from  the  transverse  inside  walls  is  possible,  the  latter 
had  alroady  gained  in  strength  and  are  able  to  assure  the  durability  of  the 
building  subjected  to  large  wind  forces.  In  case  the  strength  specified  by  the 
design  nroved  to  be  inadequate  to  withstand  the  pressure  of  the  wind ,  which  v.as 
the  case  for  the  mentioned  series  of  the  types  of  designs,  the  thickness  of 
this  walls  was  made  larger  within  the  boundaries  of  the  first  and  second  floors. 

The  correctness  of  the  taken  steps  is  confirmed  by  the  fact  that  in  the 
residential  5-story  buildings  constructed  and  put  to  use  during  the  last  few 
years  there  was  not  a  single  deformation  which  threatened  the  durability  of  the 
building  ,  or  whioh  would  reqire  the  reinforcement  of  the  structures. 


Briok  walls  with  pilasters 

The  reinforoement  of  supporting  walls  with  the  aid  of  pilasters,  which 
is  widely  used  for  ordinary  construction  conditions,  during  the  20-year  period 
of  construction  in  Noril’sk  caused  twice  the  collapse  of  the  roof- structures 
of  the  buildings.  At  this,  one  of  them  (in  the  building  of  the  locomotive 
station)  collapsed  after  8  years  of  use,  and  the  other  (in  the  building  of  a 
60-car  garage)  collapsed  during  the  first  spring- summer  thawing.  The  design 
of  the  brick  walls  with  pilasters  was  in  accordance  with  the  standards  and  f _ 
SDecif ications  and  included  checking  without  fail  the  strength  of  the  brick¬ 
work  during  the  thawing  period.  The  metal  girders  for  the  roof  of  the  station 
rested  on  the  brick- pilasters  of  the  wall  which  were  structurally  made  as  for 
the  60-oar  garage  (Fig.  110).  The  location  of  the  support  for  the  roof's 
girder  on  the  pilaster  was  chosen  with  the  aim  of  reducing  the  eccentricity 
due  to  the  combined  effective  loads  on  the  brickwork. 

The  collapse  of  three  adjacent  girders  of  the  locomotive  station  was 
caused  by  the  destruction  of  the  piluster.  An  examination  of  the  remaining 
pilasters  disclosed  the  presenoe  of  oracks  at  the  places  where  they  joined  v.  . 
the  walls  of  the  bulding.  The  cracks  which  appeared  in  the  concrete  pad  were 
traced  in  the  brickwork  by  50-60  cm.  The  dirt  in  the  cracks  testified  to 
the  many  years  of  their  existence.  The  initial  formation  of  cracks  pertains 
to  the  period  of  the  first  thawing  of  the  innor  surface  of  the  brick  walls. 

The  pilasters  laid  during  the  winter  were  affected  by  thawing,  because  their 
surfaces  located  inside  the  building  were  warm,  when  the  mortar  of  the  brick¬ 
work  of  the  outside  part  of  the  wall  was  still  frozen.  The  sagging  brickwork 
in  the  pilaster  oaused  the  latter  to  break  away  from  the  reinforced  concrete 
supporting  pad.  The  pad  became  converted  into  a  bracket  pinched  in  the  wall 
which  wa s  not  yet  affected  by  thawing;  it  created  in  the  wall  a  large  bending 
moment  and  large  shearing  forces.  The  reinforced  concrete  pad,  which  was  not 
designed  for  such  efforts,  detached  itself  at  the  facet  of  the  outside  wall 
and  found  itself  resting  again  on  the  pilaster;  this  increased  the  sagging  of 
the  latter  and  oaused  the  upper  part  of  the  pilaster  to  break  away  from  the 
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vra.ll.  The  stress  in  the  brickwork  of  the  pilater  during  the  thawing  of  the 
mortar  was  muoh  larger  than  the  allowable  stress.  Later,  the  mortar  in  the 
brickwork  and  in  the  wall  reached  the  strength  specified  by  the  design  and 
this  prevented  the  a  collapse.  While  the  building  was  in  use,  tho  pilasters 
located  near  tho  doors  were  frequently  subjected  to  the  action  of  tho  vapors 
from  the  locomotives  and  to  freezing  when  the  doors  remained  open  for  a  long 
time.  This  resulted  in  damaging  the  plaster  and  the  surface  of  the  brickwork 
followed  by  their  scaling.  The  action  of  the  wind  pressure  and  of  the  tem¬ 
perature  stresses  on  the  girder  •  was  transmitted  to  the  wall  in  form  of  hori¬ 
zontal  stresses  and,  as  a  result,  the  crack  between  the  wall  ana  the  pilaster 
became  larger,  whioh  ouused  the  collapse  of  the  girders  supporting  the  roof. 


Fig.  110.  Joining  the  cover  with  the  walls  of 
60-oar  garage  in  Noril’sk 
(1)  vie.v  along  a-a;  (2)  top  view  along  b-b. 

The  damaging  of  the  pylon  and  the  collapse  of  the  roof  of  the  building 
of  the  60-car  garage  resulted  from  the  following.  Here,  as  in  the  previous 
example,  the  metal  girders  of  the  roof  rested  on  briok  pilasters.  The  brick¬ 
laying  of  the  walls  was  performed  during  the  autumn  and  only  the  part  of  the 
wall  with  the  pilasters  were  exposed  to  freezing.  Due  to  an  oversight,  the 
reinforced  concrete  pad  was  installed  without  the  upper  reinforcing  items,  as 
specified  by  the  design;  the  electrically  heated  concrete  of  the  pad  did  not 
al luire  the  strength  specified  by  the  design;  in  addition,  the  girders  wore 
installed  on  the  supports  "by  welding  the  anchor  bolts  to  the  supprting  sheet 
of  the  girders. 
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During  tho  thawing  of  tho  walls,  duo  to  tho  inadc  ;uato  strength  of  tho 
concroto  of  tho  pad,  the  entire  vortical  load  of  tho  gird ors  was  transmitted 
to  tho  anchor  bolts  which  had  the  form  of  -shaped  rods  to  make  them  more 
eocuro  in  tho  plate,  A a  a  result,  tho  weak  concrete  of  the  pad  was  out  by  tho 
horizontal  part  of  the  onohor.  The  inadequate  binding  in  the  brickwork  (first 
along  tho  lino  of  tho  anchor  bolts  and  thon  also  along  the  plane  of  the  suppor¬ 
ting  structure  of  tho  girder)  caused  tho  pilasters  to  break  away  from  the  walls 
which  bocane  damagod.  It  is  typical  tliat  tho  collapse  of  the  roof  ocourred 
at  two  different  sections  of  tho  building,  Ono  of  the  girders  collapsed  in  the 
span  adjacont  to  tho  butt-ond  wall  of  tho  building,  and  two  girders  collapsed 
at  tho  opnosito  part  of  tho  building,  Tho  collapse  of  tho  socond  seotion 
occurrod  two  days  later  after  tho  collapse  of  tho  first  soction.  The  causes 
and  the  nature  of  tho  collapses  are  identical  in  both  casos, 

Extonsivo  deformation  of  brick  vails  with  pilasters,  which  throatonod 
tho  durability  of  the  building,  took  plnco  in  a  two- story  warehouse.  The 
supporting  structures  of  the  building  wero  designed  in  form  of  one-story  rein¬ 
forced  frames  to  make  tho  first  floor  rigid,  Tho  rigidity  of  the  second 
floor  was  aohiovod  by  building  brick  vails  with  pilasters  resting  on  a  cover 
made  of  reinforced  concrete,  Tho  dosignors  did  not  take  into  account  tho 
nocularitios  of  bricklaying  performed  during  the  winter  in  tho  aroa3  of  the 
Extreme  North  (the  building  was  constructed  in  1942-»1943),  With  the  arrival 
of  the  spring-summer  thawing  a  crack  passing  through  the  wall  was  formed  at  * 
the  support-level  of  the  pilasters;  the  crack  was  caused  by  the  sagging  of  the 
lower  part  of  the  vail  (Fig.  111).  The  pilasters  hindered  the  sagging  of  the 
vails  of  the  second  floor,  which  appeared  as  if  tho  were  suspended  on  the 
pilasters;  as  a  result,  the  valla  became  deflected  outwards.  The  collapse  of 
tho  entire  building  was  prevented  in  proper  time  by  reinforcing  the  vails 
which  were  rebuilt  during  the  summer. 

To  provide  the  strength  ind  durability  for  brick  vails  with  pilasters, 
it  is  necossary  to  bind  well  tho  brickwork  of  the  pilasters  to  the  briokwork 
of  the  walls,  and  during  tho  winter,  to  install  reinforcing  nets  reliably 
anchored  into  the  wall.  The  dosign  should  oontain  a  requirement  for  the  brick¬ 
laying  pattern  which  would  specify  tho  order  of  binding  the  brickwork  of  the 
pilasters  with  the  wall.  For  tho  large  vortical  loads  transmitted  to  the 
pilasters,  it  is  neoessary  to  install  undor  tho  supporting  part3  of  girders, 
booms,  etc,  reinforced  conorete  pads  which  could  resist  destruction  due  to 
tho  one-sided  thawing  of  tho  vails.  For  this  purpose,  the  pad  must  be  designed 
for  cases,  when  the  heating  of  tho  building,  will  cause  the  pilasters  to  thaw, 
while  the  outside  wall  remains  in  frozen  state.  In  such  a  caso,  the  pad 
operates  as  a  bracket  held  securely  in  the  brickwork  of  tho  wall.  With  tho 
arrival  of  the  spring  and  the  thawing  of  the  brickwork  of  tho  wall,  the  sup¬ 
porting  plate  subjected  to  a  load  will  turn  and  will  again  locate  itself  on 
tho  plane  of  the  pilaster  which,  having  already  gained  in  strength,  will 
absorb  practically  the  entire  vertical  load. 

Tho  roinforced  conorete  supporting  pad  must  bo  installed  deep  over  tho 
entire  thickness  of  tho  wall,  except  tho  outer  lining  having  the  thickness  of 
onc-hulf  of  a  brick.  To  determine  the  bending  moment  in  the  pad,  instead  of 
oftloul&ting  the  distance  from  the  plaoe  of  application  of  the  force  to  tho 
plane  of  tho  pinehod  pod,  use  oan  be  made  with  an  adequate  degree  of  approxi¬ 
mation  of  the  point  of  application  of  the  load  to  the  end  of  the  pinched  part 
of  tho  plate  minus  the  thiokness  of  tho  pad  (the  minimum  length  of  the  pinched 
section).  Since  a  favorable  bending  moment  also  makes  its  appearanoe  during 
the  simultaneous  thawing  of  the  ontiro  brickwork,  it  is  recommended  to  liavo 
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both  the  upper  and  lower  zones  of  tho  pad  roinforcod  symmetrically.  None  of 
the  structures  cxorting  a  vertical  load  on  the  pilastors  must  bo  allowed  to 
rest  on  the  edge  of  the  reinforced  concrete  supporting  pad.  The  supports  of 
the  structures  must  be  as  near  as  possible  to  the  axis  of  the  wall.  In  all 
cases,  tho  do sign  of  the  wall  with  pilasters  must  take  into  aocount  their 
sagging  and  weakening  during  the  thawing  period.  At  this,  the  loads  affecting 
the  pilasters  only  temporarily  (load  of  the  cruaes,  for  example)  may  not  be 
taken  into  account  when  calculating  for  the  thawing  period,  but  this  must  be 
mentioned  without  fail  in  the  drawings. 


Fig.  111.  Formation  of  cracks  in  wall  with  pilasters 
during  the  thawing  of  the  frozen  brickwork 

a)  walls  with  brick  pilasters:  i)  dangerous  oraok;  2)  safe 
crack;  3)  pilaster;  4)  reinforced  concrete  frame,  b)  wall 
with  reinforced  ooncrete  columns:  1)  column. 


Framework- type  of  brick  walls 

The  long  duration  of  the  winter  season  in  the  areas  of  the  Extreme 
North  makes  it  necessary  to  design  supporting  and  self-supporting  brick  walls 
to  absorb  fully  the  design-loads  during  the  thawing  period  of  the  mortar  of 
tho  brickwork.  This  leads  to  an  increased  thickness  of  the  brick  walls  whose 
strength  after  the  thawing  and  setting  of  the  mortar  exceeds  by  many  time  the 
required  strength.  In  addition,  supporting  and  self-supporting  walls  operate 
noorly  when  subjected  to  winf  pressures,  because  the  brickwork  is  unable  at 
that  time  to  absorb  the  tensile  stress  during  the  bending. 
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All  of  thane  make  it  in  many  cases  advisable  to  replace  the  design  of 
supporting  and  self-supporting  walls  with  framework- type  of  walls.  However,  { 

the  framework- type  of  brick  walls  subjected  to  freezing,  when  made  to  sag  by 
thawing  (which  is  very  large  in  the  polar  regions)  required  rebuilding  in  many 
cases,  e\on  when  its  sagging  stress  was  below  the  allowable  stress,  and  at 
times,  the  walls  oollapsod  due  to  large  deformations.  As  an  example  are  tho 
individual  cases  in  construction  of  industrial  buildings  whioh  are  described 
bo  low. 

i 

The  wall  of  the  bunker  building  of  the  Horil'sk  TETs  had  a  height  of 
30  motors  dosigned  in  form  of  metal  framework  filled  with  brickwork.  Abutting 
against  this  wall  was  a  ladder-type  cage  with  supporting  brick  walls  (Fig.  112). 

The  framework  walls  and  the  walls  of  the  ladder-cage  wero  laid  at  the  same 
time  during  the  winter  by  following  the  method  of  freezing".  The  spring- 
summer  thawing  began  before  the  construction  of  tho  carcass  was  completed.  Due 
to  the  largo  quantities  of  snow  and  ice  accumulated  inside  the  building  and  * 
to  the  shadow  location  of  the  latter,  the  thawing  of  the  walls  on  the  inside 
surfaco  was  insignificant  compared  to  tho  thawing  on  the  outside. 

At  tho  expiration  of  2-3  days  bogan  the  deformation  of  the.  ladder-oage 
walls  which  broke  away  from  the  building  and  formed  a  crack  extending  through 
the  wall  by  40  cm  to  the  top.  To  prevent  a  collapse,  it  was  necessary  to 
install  emergency  drawing  rods  to  draw  together  the  walls  of  the  ladder-cage 
and  tho  columns  of  the  building's  carcass.  The  deformation,  however,  continued 
and  the  tension  in  the  steel  drawing  rods  became  so  large  that  it  clearly 
menaced  to  destroy  the  the  carcass.  To  preserve  the  building  and  the  adjacent 
structures,  several  hours  had  to  be  spent  to  dismantle  completely  the  walls 
of  the  ladder- cage. 

Exactly  at  the  same  time  began  the  deformation  of  the  framework-walls 
of  -c..„  building.  The  more  intensive  thawing  of  the  outsidr  surface  hud  created 
conditions  favoring  an  unequal  sagging  of  the  seams  along  the  thicknoss  of 
tho  wall  and  caused  thereby  the  walls  to  deflect  outwards  with  a  simultaneous 
formation  of  transparent  gaps  under  the  supporting  cross  bar  of  the  framework. 

At  this,  a  part  of  the  brickwork  (lining  the  cross  bars)  collapsed.  The  6  mm 
reinforcing  anchors,  which  were  welded  to  the  columns  and  cross  bars  to 
strengthen  the  anchoring  of  the  winter  brickwork,  either  broke  or  were  pulled 
out  from  the  seams  of  the  brickwork.  The  collapse  of  the  walls  was  prevented 
by  installing  temporary  reinforcements  and  the  intensely  deformed  sections 
were  rebuilt  during  the  summer. 

Similar  deformations  occurred  also  during  the  construction  of  other 
industrial  buildings  in  Noril'sk.  During  the  construction  of  the  main  buil¬ 
ding  of  the  ore-concentration  and  sintering  plant,  the  thawing  of  the  winter- 
laid  framework  brickwork  was  also  accompanied  with  collapses  of  certain  seo-r:, . 
tions  of  the  walls.  It  should  be  added  that  all  deformed  walls  have  been 
checked  for  strength  and  durability  during  the  thawing;  the  work  also  included 
the  installation  of  reinforcing  nets  in  the  comers  and  intersections  of  the 
walls  and  the  reinforcement  of  the  lover  part  of  the  walls  of  the  ladder-cage. 

The  strength  of  the  mortar  was  high  in  accordance  with  the  specifications, 
therefore,  the  cause  rf  the  above-listed  doformations  mas  not  the  violation 
of  the  specifications,  but  ignorance  of  the  specific  performance  of  brick 
structures  to  be  expected  un  -r  the  conditions  of  tho  Extreme  North. 

The  formation  of  inadmissible  doformations  in  framework  walls  can  be 
avoided  by  taki ng  during  the  planning  the  following  steps:  the  cross  bars  of 
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the  framework  exposed  to  the  winds  should  be  installed  in  height  at  epaoings  of 
not  less  than  tho  distance  which  docs  not  exceed  ninefold  the  thickness  of  the 
wail.  It  is  advisable  to  install  tho  supporting  cross  bars  at  distances  made 
necessary  by  the  strength  of  tho  brickwork  during  the  thawing.  At  this,  the 
wind-exposed  cross  bars  must  bo  secured  to  the  columns  of  the  caecass  in  a 
manner  that  will  enable  them  to  shift  freely  in  a  vert  ical  direction  within 
tho  maximum  possible  distance  coverod  by  sagging  during  the  thawing.  Tho 
rigidity  and  design  of  tho  cross  bars  must  assure  the  ability  to  absorb  all 
wind  pressures  and  to  provent  the  deflection  of  the  brickwork  from  tho  verti¬ 
cal  axis.  Anchors  of  reinforcing  iron  must  be  welded  to  the  framework  cross 
bars  for  binding  them  to  the  brickwork.  In  certain  cases,  instead  of  wind- 
exposed  cross  bars,  the  brickwork  can  bo  reinforced  over  the  entire  span  or 
wall  by  binding  without  fail  the  reinforoements  with  the  columns  of  tho  carcass 
in  a  manner  that  will  provide  for  tho  sagging  of  the  brickwork  and  would  elimi¬ 
nate  the  possibility  of  the  briokwork  deflecting  from  the  faoet  of  the  column. 
The  briokwork  must  rect  with  its  entire  section  on  the  supporting  oross  bars 
of  the  framework. 


Fig.  112.  Schematic  drawing  of  ladder- cages  and  framework 
of  TATs  bunker  tier  in  Noril'sk 

(l)  the  wall  after  thawing;  (2)  the  wall  in 
frozen  state;  (3)  view  along  a-a. 
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It  is  advisable  to  roinforco  tho  lining  brickwork  alone  tho  bright  of 
too  supporting  boon  of  tho  framoi.ork  through  ovury  <1-5  rows  by  anchoring  tho 
reinforcing  fitting  to  tho  cross  bar  is  3pucc3  of  1-1.5  motors  alone  tho 
length  of  tho  boon.  Tho  binding  of  tho  fr^moworl:  '.vails  to  tho  supporting  wnlls 
of  tho  building  should  not  bo  permitted.  Tlio  joints  must  oontain  without  fail 
*ag-proof  soam3.  Taking  into  account  that  .  lion  hoight  of  tho  joinou  walls  is 
iar;o.  tlio  connocting  item  of  tiu  sag-proof  soon  will  not  bo  sufficiently 
rigid,  it  ic  advisable  to  effoot  tho  anchoring  of  tho  joinod  walls  with  tem¬ 
porary  out3ido  drawing  rods  which  would  allow  only  vortical  sanding.  Tho  uso 
of  thoso  measuros  takon  in  designing  and  constructing  tho  framework  briok  v/alls 
of  tho  industrial  buildings  in  Noril’sk  assuod  thoir  durability  and  had  eli- 
minatod  dangerous  deformations. 


Briok  onokostacks 

Tho  bricklaying  of  tall  smokestacks  under  tho  conditions  of  tho  2xtremo 
forth  is  mado  difficult  duo  to  trwo  basic  factors:  the  wind  pressures  which 
aro  considerably  largor  th~n  undor  ordinary  conditions  and  tho  poriod  of  con¬ 
tinuous  low  ton?oraturo3  which  i3  of  oxco3sivoly  long  duration.  Naturally, 
nono  of  the  smokos tack3  installed  by  the  mothod  of  freezing  i3  ablo  to  with¬ 
stand  tho  strong  pressure  of  the  winds  during  tho  thawing  poriod.  In  addition, 
tho  largo  and  unequal  sagging  of  tho  brickwork  duo  to  irregularity  of  solar 
radiations  and  thermal  flows  of  air  nay,  during  tho  spring  thaw  of  tho  mortar, 
causo  tlio  smokestack  to  lean  and  collapse  ovon  whon  there  is  no  wind  blowing. 
It  is  not,  hovrever,  always  possible  to  perform  the  bricklaying  during  tho 
short  spring-summer  season.  In  Noril’sk,  thoro  is  a  vast  experionoe  with 
construction  of  smokestacks.  Seven  smokosracks  100-150  motors  tall  and  a  num- 
bor  of  chimnoys  of  smaller  heights  havo  been  eroctod  for  tho  metallurgical 
plants  and  for  tho  TBTs.  It  should  be  stated  that  come  of  the  construction 
stagoa  hava  been  accomplished  during  tho  wintor  soaoon. 

Tho  construction  of  tall  smokostacks  was  successfully  offeoted  in 
Noril’sk  only  because  tho  designs  of  tho  chimneys  and  the  plans  for  the  orga¬ 
nization  of  the  work  were  developed  togethor  by  taking  into  aocount  tho  per¬ 
formance  of  tho  work  at  low  temperatures.  It  was  based  on  tho  study  of  the  . 
experience  gaing  in  building  the  first  smokestack  in  1941.  Several  steps  were 
taken  for  its  construction,  namely,  warned  bricks,  use  of  mortars  with  che¬ 
mical  additives,  electrically  hoated  brickworks,  insulation  of  freshly  laid 
brickworks,  eto.  This,  however,  did  not  assure  the  required  filling  of  the 
scans  to  maintain  the  thiokness  proscribed  by  the  norms  and  did  not  fully 
guarantee  that  tho  brickwork  will  acquire  tho  nooessary  strength  bofore  the 
freezing  of  tho  mortar, 

Tho  many  yoars  of  using  tho  erected  smokestacks  confirmed  the  correct- 
ioz of  tho  adopted  designs  and  work  technology  which  makes  it  possible 
to  recommend  tho  employed  technical  methods  for  erecting  tall  brick  smoke¬ 
stacks  also  in  other  areas  of  tho  Sxtrome  North. 

In  designing  the.  tall  smokostacks,  of  the  materials  that  could  bo 
oroaucod  by  tho  looal  plants,  tho  bricks  of  grado  150-200  and  mortat  of  grade 
100  wore  to  be  used  to  a  maximum.  Tho  brioklayed  was  based  on  tho  grado  of 
nor car  specified  by  the  design  without  taking  into  account  tho  exooution  of 
the  v/ork  during  the  winter  season.  The  plan  for  organizing  the  work  aimed  to 
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•  113,  Toaporary  onoloaur;  :'or  construction  of  smokest&ok 
1j  8ootion;  2)  ohanbors  :’or  heating  tho  brioks; 

3;  sand  oonpartsaonts;  4)  winch;  3)  hoist;  6)  mortar 
Joint;  7)  oomont  3torago. 
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accomplish  the  oonstruotion  in  a  mannor  that  would  enable  a  seotion  of  tho 
smokostack  to  become  frozen  only  after  tho  mortar  acquired  the  strength  spe-  ' 
cifiod  by  tho  design;  this  was  achievod  by  building  at  the  baso  a  temporary 
enclosure  for  heating  the  bricks,  sand,  and  water;  there  were  also  installed 
units  for  preparing  the  mortar  and  tho  hoisting  meohanisms  (Pig*  113).  The 
stoam  heators  were  located  at  tho  base  and  the  shaft  for  the  hoist  was  looated 
inside  the  smokostack.  The  temporary  enclosure  surrounding  the  smokestack 
consisted  of  a  light-weight  metal  carcass  covered  by  oanvass  insulated  with 
quiltod  ootton  pads.  Due  to  its  own  weight,  the  enclosure  was  in  olose 
contact  with  the  smokestaok  (Pig,  114), 


Pig,  114,  Hoisting  devico  used  for  building  the  smokostack 
a)  gonerul  view  of  device:  1)  movable  enclosure;  2)  dock  for 
brioklayers;  3)  deck  for  fottling;  4)  flexible  connections; 

5)  rigid  connections;  6)  assombly  1.  b)  part  of  joined  struts 
(of  assembly  1);  o)  assembled  flexible  connections;  d)  assem¬ 
bled  rigid  connections,  (1)  strut. 


Tiio  dosi/31  of  tho  hoiGting  dovico  enabled  the  winch  locatod  below  to 
lift  the  temporary  enclosure,  to  build  up  tho  carcass  of  the  shaft,  and  to 
raise  tho  dock  for  the  brioklayors.  Irrespective  of  the  winter  temperatures, 
the  enclosure  made  it  possible  to  maintain  in  the  working  zone  a  tonperaturo 
of  f..o  air  of  not  le3S  than  15-20  degrees.  The  size  of  tho  enclosure  wa3  suf¬ 
ficient  l‘or  laying  brioks  to  a  height  of  2,5-3  meters.  This  required  two  days 
of  v/ork  for  the  lower  part  of  tho  smokostack.  During  this  time  (with  tempe¬ 
ratures  of  20°  degrees  for  the  brick3,  30°  for  the  mortar,  and  20°  for  the 
air  in  the  enclosure),  the  mortar  almost  aquired  the  strength  specified  by  the 
dosi  n,  especially  when  an  acoelerant  was  added  to  the  mortar.  In  laying  the 
bricks  for  the  upper  part  of  the  staolc,  whioh  could  be  performed  at  the  rate 
of  2,.)-3  meters  in  height  per  day,  the  work  was  either  doliboratoly  inter¬ 
rupted,  or  the  strength  of  the  mortar  was  increased  above  that  required  by 
tho  design  in  order  to  obtain  in  one  day  the  required  strength.  In  praotioe. 
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there  were  cases  of  strong  wind  tearing  off  the  enclosure;  this  made  it  neces¬ 
sary  to  discontinue  the  construction  when  the  winds  were  too  strong  (Fig.  115). 


.  Fig,  115.  Smokestack  of 
ore- concentration  plant 


Fig.  116.  Installation  of  rings 
a)  general  view;  b)  section;  c)  timber 
detail;  d)  installation  of  cantilevers. 


The  outside  compressing  metal  rings  were  installed  on  the  smokestack 
wish  the  aid  of  suspended  platforms  hanging  on  the  loops  of  the  rings  loca- 
-ed  belov;  (Fig.  116). 

Subjected  during  the  entire  time  of  construction  to  intensive  heating 
on  the  inside  (the  minimum  time  required  to  complete  the  brickwork  was  2  to 
2.5  months,  for  the  lower  part  and  5  to  10  days  for  the  upper  part),  the  mortar 
of  the  brickwork  acquired  a  strength  which  v.as  practically  above  the  strength 
specified  by  the  design. 


2.  Concrete  and  reinforced  concrete  structures 

In  designing  reinforced  concrete  structures,  the  commonly  used  methods 
whon  applied  to  conditions  present  in  Noril'sk  created  a  number  of  factors 
which  made  the  work  difficult.  Certain  methods,  even  the  progressive  ones, 
o roved" to  be  so  difficult  to  accomplish  that  the  work  had  to  be  -discontinued 
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for  a  Ion"  time  until  the  arrival  of  the  spring- summer  season,  while  oortain 
struotures  could  not  be  completed  at  all. 

As  an  example  is  the  span  of  the  swimming  pool  in  IJoril'sk  which  wus 
designed  by  the  Leningrad  branch  of  the  Promstroyproyekt  Institute.  Accorfing 
to  design,  the  swimming  pool  had  to  be  covered  by  a  thin-wallod  assembled 
covering  roof.  The  production  of  the  components  of  the  covering  roof  consis¬ 
ting  of  large-size  bent  panels  with  an  area  of  about  30  sq,  meters  ms  mas¬ 
tered  by  the  plant  of  reinforcod  concrete  products  and  a  considerable  part  of 
the  panels  were  ready  for  installation. 

for  supporting  the  covering  roof  was  provided  a  monolithio  reinforoed 
concroto  structure  in  form  of  an  horizontal  flanged  bean  with  a  span  of  35 
motors,  resting  with  one  belt  on  reinforced  concrete  columns  and  with  the 
other  on  the  walls  of  the  building.  The  structure  in  absorbing  the  thrust  of 
the  covering  roof  would  transmit  it  to  the  tie-benms  located  perpendicularly 
in  tho  butt-ends  of  the  tie-beam.  The  supporting  structure  and  the  tie-beams 
were  conoreted  so  that  channels  wore  formed  in  the  belts.  After  the  concrete 
acquired  the  necessary  strength,  through  tho  ohajinols  were  drawn  reinforoing 
bundles  of  high-strength  wires  for  withstanding  the  stress;  this  was  followed 
by  injecting  cement  mortar  into  the  channels  (Fig.  117).  The  difficulty  of 
filling  tho  channels  during  the  winter  in  order  to  make  monolithio  the  pre- 
stressed  fittings  of  the  supporting  structures  forced  the  builders  to  request 
tho  Promstroyproyekt  to  replace  tho  pra- stressed  fittings  with  ordinary 
intermittent  section  iron  that  would  make  it  possiblo  to  oonorete  tho  struc¬ 
ture  at  low  temperatures  by  using  electrical  heating.  Sinoe  the  request  for 
this  change  was  rejected,  the  builders  were  unable  to  fill  the  channels  with 
concrete  during  the  winter  and  were  forood  to  cover  the  building  with  preoast 
reinforoed  oonorete  plates  resting  on  metal  girders. 


Fig*  117.  Supporting  assembly  for  oovering  roof 
of  Uoril’sk  swimming  pool 
1)  channels  for  reinforcing  wires. 


Methods  similar  to  those  described  above  cannot  be  considered  suitable 
for  the  areas  of  the  Extreme  North,  Certain  struotures,  which  are  economical 
unaor  ordinary  oonditions,  had  to  be  redosigned  and  tho  consumption  of  mate¬ 
rials  had  to  be  increased  due  to  difficulty  of  performing  the  work  during  tho 
vintor.  In  the  final  analysis  the  construction  was  less  expensive  due  to  the 
simplified  performance  of  work  and  tho  spending  of  less  time  and  labor.  The 
experience  of  many  years  in  designing  and  erecting  oonorete  and  reinforoed 
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concroto  struoture3  in  Noril'ak,  Fhidinka,  Igarka,  and  other  populated  plaoes 
makos  it  possible  to  recommend  for  tho  areas  of  the  Extreme  North  certain 
typos  of  structures  which  are  described  below. 


Llonolithio  structures 

The  procuration,  hauling,  and  pouring  of  concrete  during  the  snowstorms 
and  low  temperatures  is  extremely  difficult.  Still  more  difficult  is  to  ob¬ 
tain  t  o  setting  of  tho  poured  concroto.  The  uso  of  temporary  enclosures, 
storm  jackots,  and  thorm&l  enclosed  mold  increases  considerably  tho  cost  of 
construction.  The  most  widely  used  and  simple  method  of  providing  the  condi¬ 
tions  accessary  for  setting,  namely,  electrical  heating  has  a  substantial 
dofoct  bocause  it  does  not  assure  a  full  gain  in  strength.  In  the  teohnioal 
spocif .  cations  for  production  and  acceptance  of  construction  und  assembling 
works  of  1956,  tho  appondix  8  to  part  III  of  SNIP  (construction  rules  and 
standards)  shows  that  the  moment  electrical  heating  is  disconnected  at  maximum 
tempo  r.  tures,  tho  strength  is  from  70  to  fO/S  of  that  speoified  by  the  design. 

In  norfoming  the  work  under  extremely  low  temperature  and  with  winds 
procout,  tho  cooling  of  the  structure  is  so  considerable  that  it  is  impossible 
to  obtain  a  strength  of  90/2  at  the  moment  the  electrical  heat  is  disoonneoted. 
This  fact  forced  the  designers  of  monolithic  structures,  in  addition  to  spe¬ 
cifying  tho  grade  of  oonorete,  to  nut  in  the  drawings  instructions  to  use  a 
highor  than  specified  grade  of  concrote  poured  during  the  vdnter  with  the  aid 
of  electrical  heating,  when  the  full  load  is  applied  on  the  structure  during 
tho  poriod  botwoon  the  time  the  concroto  acquired  a  temperature  above  zero 
and  the  time  it  takes  the  concrete  to  bring  up  its  strength  to  100^*  This 
method  enables  tho  concrete  upon  reaching  a  temperature  of  above  zero  to 
acquiro  cho  specified  strength,  but  it  increases  the  consumption  of  oement  and 
tho  cost  of  construction. 

In  addition,  in  many  oases  of  densely  spaced  reinforcing  items  or  when 
insortod  parts  are  present,  there  is  a  possibility  of  short-circuiting  the 
eloctrodos  which  results  in  freezing  the  oonorete.  All  of  these  testify  that 
tho  uso  of  monolithic  concrete  in  tho  areas  of  the  Extreme  North  should  be 
roduced  to  a  minimum.  However,  tho  less  than  full  lifting  capacity  of  the 
erftnos  of  both  the  plants  making  precast  structures  and  the  cranes  used  for 
construction,  the  standardization  of  the  types  of  products,  and  occasionally 
the  structural  requirements  make  the  use  of  monolithic  concrete  unavoidable 
for  certain  structures. 

Tho  structures  which  are  used  depending  on  conditions  required  for  in¬ 
stallation,  assurance  of  setting,  and  sizes  can  be  divided  into:  massive 
structures  (large  foundations  and  supports),  medium-size  structures  (beams  and 
columns),  and  thin-vmlled  structuros  (plates  and  partitions). 

An  example  of  massive  structures  are  the  piors  of  a  reinforced  concrete 
_  nrtgo  and  the  foundations  of  smokestacks  using  concrete  of  1000  cubic  meters 
’.or o  in  volume,  both  of  these  wore  constructed  in  Noril’sk.  For  ooncreting 
such  structures  ’.ms  provided  a  peripheral  electrical  hoating  of  the  concrete, 
1,0,,  tiie  electrodes  made  of  bar  iron  wore  nailed  to  the  sides  of  the  enclosure. 
The  making  of  working  seams  during  tho  concreting  was  not  permitted  by  the 
deci  ;n.  The  laying  of  oonorete  proceeded  day  and  night.  The  hauling  and  in¬ 
stallation  cooled  the  oonorete  whose  temperature  approached  0°  at  the  end  of 
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tho  installation.  Intensive  hardening  accompanied  with  an  abundant  liberation 
of  boat  began  when  the  eloctrodes  wore  switched  on,  '.Then  the  electrodes  were 
switched  off, the  temperature  at  the  surface  of  the  massive  structure  was  reduced 
to  2-5°.  As  a  result  of  the  largo  tenporaturo  drop  there  appeared  in  tho  con¬ 
crete  cracks  due  to  sagging.  By  insulating  the  surface,  the  concrete  reached 
100.5  of  the  specified  strength,  Lator,  in  order  to  reduce  the  temperature  dif¬ 
ferential  inside  the  concrete  massive  structure,  in  its  middle  part  were  left 
channols  made  of  pipes  or  wooden  ducts  which  made  it  possible  to  cool  the 
innor  part  of  tho  structure;  by  keeping  the  enclosure  warm,  it  was  possible  to 
rotain  tho  higher  temperature  of  tho  concrete  at  its  surface.  In  this  manner 
it  was  possible  to  reduce  considerably  the  temporature  differential  and  to 
prevent  the  formation  of  cracks  in  the  ooncrete. 


Under  such  conditions,  a  higher  grade  of  oonorete  electrically  heat 
when  installed  during  the  winter  is  not  required  to  ascuro  for  it  a  strength 
requirod  by  thn  design. 


In  designing  medium-size  structuroc  it  is  necessary  to  boar  in  mind 
tlv.it  the  long  duration  of  tho  vrintor  season  and  the  continuous  low  temperatures 
croate  conditions  at  which  conventional  structures,  even  when  conditions  are 
provided  to  enable  the  ooncrete  to  gain  tho  necessary  strength,  were  destroyed 
and  threatened  tho  collapse  of  buildings.  In  lloril'sk,  for  example,  several 
buildings  had  damaged  reinforced  concrete  columns  and  oross  beams  of  rooms 
located  in  the  ground  floors  of  residential,  oultural,  and  general-puroso 
buildings. 


Fig.  118,  Damaged  columns  and  girders  due  to  sagging  walls 
a)  struotur©  prior  to  being  reinforced:  1 ,)  uncut  reinforced 
concrete  cross  boom;  2)  dofonr.od  girdor;  3)  assembled  rein¬ 
forced  concrete  columns;  d)  cracks  in  column.  6)  wolded  ties, 

b)  column  reinforced  by  ring, 

hurl  icularly  characteristic  was  tno  simultaneous  destruction  of  columns  and 
bourns  in  three  residential  buildings  v.-iiich  happened  in  lloril'sk  during  tho 
spring  of  1957,  The  walls  of  these  buildings  were  erected  during  the  vrintor. 

In  tho  first  floor,  instead  of  inside  longitudinal  and  transverse  walls,  the 
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could  sag  to,;othor  with  the  wall  (Fig.  120).  The  extent  of  sagging  usod  by  tho 
desi  71  v/o.3  tho  smallest  of  thoso  usod  in  Noril’sk  since  1948  for  work  performed 
during  tho  v/intor,  i.e,,  3  mm  par  1  meter  of  height  of  tho  wall.  Based  on  car- 
riod  out  observations,  tho  sagging  of  winter-laid  walls  caused  by  thawing  is  in 
tho  Iloril'sk  aroa  equal  to  3-5  mm  per  1  meter  of  height  in  the  wall.  The  lar¬ 
gest  sag.-ing  which  was  taken  into  account  by  the  design  was  3,6  mm  (Fig,  121). 
With  tho  cross  sections  used  for  the  oross  beams  and  the  columns,  the  bending 
moments  'which  wore  formed  there  (Fig.  122)  were  so  large  that,  if  not  taken 
into  account  by  tho  design,  they  could  unavoidably  destroy  the  frame.  With 
taking  properly  into  account  the  additional  foroes  and  by  installing  additional 
reinforcements,  the  durability  of  tho  building  oould  be  assured  also  dufing 
the  tliawing  period. 


Fig,  120.  Sectional  view  of  building  of  the  mining 
general-purpose  combine  in  Noril'sk 
1)  antiseismic  belt;  2)  rock. 


To  assure  tho  durability  of  rigid  frame-type  structures  and  unout  rein¬ 
forced  conorote  beams  supported  by  brick  walls  erected  by  tho  freezing  method, 
it  is  necessary  that  the  design  should  take  into  consideration  the  effeot  of 
sagging  of  tho  brickwork  on  those  structures  during  tho  thawing.  In  carta  in 
casoc  tho  supporting  reinforced  concrete  structure  can  be  worked  out  in  two 
versions  for  resting  on  the  walls:  a)  when  erected  during  the  summer,  and  b) 
when  oroctod  by  the  method  of  freozing.  In  the  seoond  oase,  the  sagging  of  tho 
su-rorts  is  derived  by  actual  observations. 

In  designing,  speoial  requirements  must  bo  satisfied  whon  tho  work  is 
jo  i'j  performed  under  conditions  of  tho  winter  season.  The  enclosing  mold 
.run  bo  provided  with  openings  and  large  clearance  for  oleaning  tho  snow  and 
dir  from  the  mold  and  the  inserted  reinforcing  fittings.  The  low  temperature 
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Fig.  121.  Method  of  calculating  the  sagging  of  supports 
1)  cross  section  of  column;  2)  cross  section  of  oross  beam. 


Fig.  122,  Diagram  of  bending  moments  oausod  by  sagging 
of  supports  of  frame's  oross  beams 
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of  tho  reinforcing  fittings  makos  tho  conoreting  difficult  during  the  laying 
of  the  concroto.  Stoam  blown  through  tho  mold  and  the  fittings  raisos  tho 
temperature  temporarily  but  brings  with  it  an  extremely  undesirable  ice  whioh 
covers  tho  fittings  and  the  enclosing  mold.  The  oonorete  coming  in  oontaot 
with  ti'.o  fittings  causo3  the  metal  to  freeze  immediately;  with  olosoly  spaoed 
fittings,  their  small  clearances  bocono  filled  with  ice  and  deprives  the 
concrete  of  further  access.  To  improve  the  conditions  for  installing  the  con¬ 
crete  it  is  nocoosary  to  use  clearances  as  large  as  possible  between  the  rods 
of  tho  upper  fittings  in  the  enclosing  mold  (Fig,  123),  This  can  be  accomplished 
by  using  roinforoing  rods  of  larger  diameter,  or  by  installing  them  in  two  rows. 


Fig,  123,  Examples  of  reinforcing  booms  of  reinforced  concrete 

A'boams  of  medium  height;  B)  beams  of  large  height;  a)  upper  zone; 
b)  lower  zone;  1)  wrong;  2)  correct;  3)  effective  olearanoes. 


The  rods  in  the  upper  zone  vhon  arranged  in  one  row  should  be  moved  to 
towards  the  edges  to  form  a  maximum  possible  spaoe  in  the  middle  part  of  the 
boom  with  a  clearanoe  of'  not  less  than  8-10  cm.  For  tho  fittings  looated 
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below  and  arranged  in  two  rows,  it  is  advisable  to  inorease  tho  number  of  rods 
in  the  first  row  and  to  use  larger  clearances  between  the  rods  of  tho  second 
row,  because  only  a  small  quantity  of  concrete  needed  as  a  protective  layer 
passes  through  the  rods  of  the  first  row.  For  beams  with  large  height,  maximum 
clearances  between  the  rods  can  be  obtained  by  arranging  even  in  three  rows 
the  reinforoing  rods  in  the  upper  and  lower  zones. 


Fig.  124.  Examples  of  reinforcing  columns  of  reinforced  oonorete 

a)  incorrect;  b)  correct 


In  oonoretlng  columns,  tho  most  difficult  operation  is  to  join  the  con¬ 
crete  with  the  girders  and  beams  of  the  roof.  The  multi-row  not  of  intersecting 
rods  obstructs  the  passage  of  the  concrete  and  the  abundance  of  rods  interferes 
with  the  electrical  heating  (Fig.  124).  Tho  installation  pf  tho  concrete  and 
the  electrical  heating  oan  both  be  improved  by  a  proper  design.  For  this,  it  is 
advisable  to  increase  the  cross  section  of  the  structures.  Each  side  of  the 
column  should  be  by  up  to  10  cm  widor  than  in  the  girder.  If  a  larger  cross 
section  is  not  desirable  when  it  may  affect  the  location  of  tho  technological 
equipment  or  it  may  involve  an  excessive  consumption  of  concrete  (for  columns 
of  large  height),  it  is  then  possible  to  effoct  only  a  looal  thickening.  (Fig. 
I2r.).  '.Vhon  electrioal  heating  is  usod,  the  grade  of  the  installed  oonorete 
will  depend  on  when  the  structure  will  be  under  load.  If  it  is  planned  to  im¬ 
pose  the  load  before  the  oonorete  of  the  structure  will  aoquire  the  neoessary 
strength,  the  grade  of  the  installed  oonorete  must  be  25-30?#  higher  than  spe¬ 
cified  by  the  design. 

..lost  difficult  at  low  temperatures  is  to  install  tho  concrete  in  thin- 
walled  plates  and  partitions.  Snowstorms  oovor  the  enclosing  mold  with  snow. 

Tho  snow  i3  so  compressed  that  considerable  manual  labor  is  requirod  for  its 
removal.  The  compressed  snow  oannot  be  removod  by  blowing  oompressed  air. 
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Pig.  125.  'Iross  section  of  ooluina  inoreased 
where  it  adjoins  the  roof;  1)  along  a^-a 


Tho  uro  of  steam  is  not  always  possible  (absonoo  of  steam,  eto.)  and,  as  was 
already  statod,  it  results  in  covoring  tho  roinforoenents  and  the  enoloaing 
mold  with  ico. 

In  plates  roinforced  or  both  sides,  the  removal  of  snow  from  the  enclosing 
mold  l'roquontly  disturbs  tho  position  of  the  rods  in  the  upper  row.  It  requires 
additional  work  to  oorreot  it.  It  can  be  avoided  by  not  using  round  bends,  but 
to  reinforce  separately  the  upper  and  lowor  zones  of  the  plate.  At  thi3,  tho 
roinforoomont  of  the  upper  zone,  whon  arranged  in  form  of  separate  nets,  will 
sink  into  tho  freshly-laid  oonorote  of  the  plate. 

In  conoreting  thin-walled  partitions,  tho  conorete  freezes  to  the  roin- 
forcing  nots  and  ob3truots  tho  filling  of  tho  enclosing  mold;  this  favors  the 
formation  of  blisters  and  void  spaces,  'i’o  improve  the  working  conditions  and 
tho  quality  of  the  work  it  is  advisable,  inasmuch  as  possible,  not  to  use  two- 
sided  roinforoomont  and  to  uso  reinf orcemonts  out  into  seotions.  In  addition, 
when  concreting  both  supporting  and  non-supporting  vertical  partitions,  it  is 
necessary  to  tako  into  account  the  possibility  that  the  cover  located  above 
may  become  sagged  if  it  rests  on  brick  walls  erected  by  the  method  of  freezing, 

Tho  thawing  and  tho  sagging  of  the  walls  will  cause  the  cover  to  sag;  this  oan 
either  crush  the  partition  located  bolow,  or,  if  tho  partition  is  sufficiently 
stror.~,  it  may  deform  the  oovor  (reverse  oaving  in).  To  prevent  deformations, 
tho  design  of  tho  supporting  partitions  must  take  into  account  all  possible 
additional  loads. 

■lion  designing  non-auoporting  partitions,  it  is  recommended  to  leave  at 
tho  ,op  a  oloaranco  of  5  mm  per  1  meter  of  height  of  the  wall  supporting  the 
cover.*  This  clearance  is  to  be  plastered  after  the  thawing  and  sagging  of  the 
brickwork. 


Assembled  reinforcod  concrete  structures 

Tho  uso  of  assembled  (procast)  reinforced  concrete  is  of  utmost  impor¬ 
tance  for  tho  conditions  of  the  3xioreme  Ilcrth.  Howevor,  the  dispersion  and 
different  scale  of  construction,  lack  of  plants  producing  precast  reinforcod 
concroto  in  many  areas,  and  transportation  and  assembly  difficulties  require 
tho  creation  of  new  typos  of  struoturos.  The  new  structures  should  be  based 
on  tho  following!  sharply  lower  weight  togother  with  high  supporting  oapaoit/, 
f  rost-rosistanoe,  and  ability  to  assemble  without  tho  use  of  wet  prooesses 
(to  make  a  monolith  of  the  assembled  parts,  additional  concreting,  eto.),  and 
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also  corplotoly  outfitted  struoturoc.  For  examplo,  tho  roof  panel  nust  Lncludo 
tho  insulation  and  the  covor;  the  covor-panel  obovo  tho  open  spaco  under  tho 
ground  floor  nust  oontain  tho  waterproof ing,  insulation  and,  if  possible,  also 
tho  floors,  etc.  The  products  chould  bo  transportabla  and  economical,  i,o., 
th;y  should  bo  made  of  high-grado  conoroto  with  pro-otrossod  roinforoomonts 
mado  of  hir.h-strongth  stool.  It  i3  nocossary  to  croate  insulatod  and  uninsu¬ 
lated  panels  made  of  reinforced  ccnont  and  ion;;  onough  to  sorvo  as  covers  and 
walls  of  industrial  and  resifontial  buildin'-s.  Procaot  forroconorote  has  a 
v/ido  application  at  tho  orocont  tino  i:i  tho  aroas  of  tho  Nxtromo  North.  Eaoh 
year  brings  now  Lmprovomonts  for  tho  structures  and  asGomblios. 

In  Noril’sk,  procast  ferroconcruto  was  first  usod  in  11)40  for  tho  con¬ 
struction  of  tho  oarcassos  of  tho  mochanical  plant.  Procast  columns  oro 
installed  into  the  foundation  cups,  fasto.uod  with  v/odges,  and  pourod  with 
conoreto.  In  Noril’sk,  the  conventional  methods  of  performing  tho  work  during 
tho  v/i r.ter  at  temporaturos  above  2oro  had  croatod  nan/  difficulties,  Tho 
cloaranco  l>otv/eon  tho  foundation  cup  and  tho  column  bocamo  packed  with  snow. 
Tho  3 now  oould  bo  removed  only  from'  tho  uppor  parts  of  t.ho  cup3.  The  uso  of 
steam  in  the  olearanoe  for  heating  the  bulk  prior  to  its  installation  rosultod 
in  filling  tho  cup  with  water  and  ico.  In  many  oasc3  tho  pouring  of  conoroto 
into  tl  o  clearanoos  did  not  provide  tiio  rvquirod  strength  for  tho  asconbly. 
Thoro  wore  .asos  of  oolumns  squeezing  through  the  pourod  conorete  in  tho  oup. 
This  was  duo  either  to  the  freosing  of  tho  moist,  thawing  sand  placed  at  tho 
bottom  of  the  oup,  or  to  the  dry  sand  nixing  with  tho  snow  and  forming  a  layer 
which  booame  paoked  during  the  thawing.  In  both  o&sos,  a  fiasure  was  formed 
under  the  butt-end  of  the  column  whioh  resulted  in  shearing  the  poured  oon- 
orete  by  the  sagging  column. 


Pig.  126.  Reinforcing  tho  joint  of  columns 
with  foundation  shoes 

a)  before  reinforoing;  b)  after  roinforcing;  1)  conoroto 
pad;  2)  sand;  3)  ooncroto  or  asphaltio  conoroto;  4)  pre¬ 
cast  reinforoed  ooncroto  ahoe;  o)  roinforcing  ring. 


In  certain  cases  the  clearance  in  the  cup  wa3  fillod  with  asphaltic  con¬ 
crete  to  enable  the  joint  to  gain  strongtii  auring  the  winter  season.  This  also 
failed  insofar  as  the  filling  of  the  spaco  in  tho  cups  and  rigid  coaling  of  the 
columns  is  concerned.  Iu  other  c&cos  it  was  necessary  to  uso  a  reinforcod 
concrete  monolithio  ring  to  etrongtnon  tuo  joint  (Pig.  126).  Tho  installation 
of  prooast  reinforoed  conorete  columns  in  foundation  orr>3  can  still  bo  rooora- 
monded  for  the  areas  of  tho  Extreme  North,  but  to  prevent  the  destruction  of 
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■the  joint  the  pad  at  tho  bottom  of  the  cup  must  oontain  thoro uglily  dried  sand 
which  nu3t  not  become  moist  before  filling  the  space  in  the  cup.  The  columns 
must  bo  reliably  secured  in  the  cup3  with  the  aid  of  wedges  and  the  spaces  in 
the  cues  must  be  filled  with  concrete  with  the  temperature  above  zero,  or  by 
using  a  conoreto  that  will  assure  the  hardening  and  gain  of  strength  at  low 
tomporaturos.  Bloctric  heating  can  be  emplyod  if  necessary,  but  in  this  case 
it  is  rocomnended  before  the  concrete  is  installed  to  warn  up  tho  surface  of 
tho  cups  first  with  hot  air  or,  in  extreme  cases,  with  steam  and  then  to  apply 
with  special  care  the  electric  heating.  The  grade  of  conorete  for  filling  the 
spaoo  of  the  cup 3  must  have  a  strength  30- 50%  higher  tha  specified  by  design. 

In  Uoril'sk  columns  are  joinod  to  foundations  by  welding,  so  that  the 
entire  load  on  tho  foundation  is  transmitted  through  the  assembled  seams.  The 
defect  of  this  method,  however,  is  the  large  consumption  of  metal  spent  for 
the  inserted  parts. 


Fig,  127.  Columns  joined  to  foundations  of 
electrofilter  building 


For  joints  subjected  to  largo  efforts  and  especially  to  bending  moments, 
r.he  use  of  anohor  bolts  is  recommended,  as  it  was  done  for  the  carcass  of  the 
jlectrof ilter  building.  The  17-meter  tall  precast  reinforced  concrete  columns 
of  the  building  have  at  the  botton  an  expanded  shoe  which  is  installed  on 
motal  wodgos  and  is  tightened  by  anchor  bolts  (Fig.  127).  The  wedges  are  de¬ 
signed  to  absorb  the  loads  while  construction  of  the  building  is  going  on.  The 
columns  are  poured  with  conorete  during  the  summer  season. 

1'nny  difficulties  during  the  work  were  oaused  by  joints  for  the  precast 
beams  under  the  oranes,  for  the  bracings,  and  for  the  oolumns,  particularly 
in  places  requiring  rigid  (uncut)  connections.  The  welding  of  the  protrusions 
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of  tho  reinforcing  rods  followod  by  monolith  inf,  with  ooncreto  was  unable,  when 
(iono  in  wintor,  to  provide  joints  of  neodod  quality.  A  significant  part  of  the 
M  ints  (and  occasionally  certain  oonpononts  of  the  structure)  sufforod  destruc¬ 
tion  oithor  during  tho  thawing  period  or  during  tho  exploitation  of  the  buil¬ 
ding.  c-rtromely  undosirable  is  tho  uso  of  suoh  joints  in  plaoes  subjected  to 
loads  before  tho  arrival  of  the  thawing  period  (joints  of  oolumns,  oross  bars, 
etc. )  because  it  nay  result  in  destroying  tho  structures. 

he  methods  that  can  be  roconmendod  in  oonstruotion  aro  thoso  used  in 
Horil'sk,  namely,  welded  joints  for  columns.  The  tightening  bolts  and  ooraers 
are  out  off  after  the  joint  is  welded  (Fir.  128). 


Fig.  128,  Column  components  joined  by  electrowelding 
1)  welded  along  tho  oontour;  2)  sheet  gasket;  3)  to  be 
plastered  with  oemont  mortar  along  tho  net  after  the 
corners  are  cut  off 

Depending  on  the  pattern  of  the  structure,  one  of  tho  follov.'ing  methods 
is  used  for  joining  beams  and  oross  bars  to  columns.  For  rigid  joint  to  tho 
column  (Fig.  129),  the  cross  bar  is  installed  on  the  table  of  the  column  and 
after  the  aligning  is  welded  to  the  inserted  metal  parts.  Tho  inserted  parts 
and  tho  assembling  seams  in  the  joints  are  designed  for  absorbing  tho  thrust 
of  tho  supports  and  tho  bending  moment.  For  an  hingod  connection  to  tho 
oolumn  (Fig.  130)  tho  oross  bar  is  installed  on  the  table  of  the  column  and 
is  secured  by  welding  to  tho  inserted  parts  only  in  thoso  plaoes  whore  it 
adjoins  the  fins  of  the  oomer.  The  resilence  of  the  reinforcing  corner  makes 
it  nossible  to  obtain  in  the  joint  a  hinge  necessary  to  eliminate  tho  possibi¬ 
lity  of  a  bending  support-moment  appearing  in  the  assembled  joint.  For  con¬ 
necting  tho  wind  oross  bar  of  tho  framework  to  the  columns,  the  assembled 
joint  must  provide  not  only  the  hinge-prperties  of  the  supports,  but  also  the 
ability  to  shift  the  beam  vertically  during  the  thawing  of  tho  brickwork 
installed  during  the  winter  and  also  to  eliminate  the  possibility  of  shifting 
in  a  dirootion  perpendicular  to  the  axis  of  the  wall.  An  example  of  this  is 
tho  design  of  joints  shown  in  Fig,  131.  The  connections  used  for  seouring  the 
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‘  cross  "bar  to  tho  columns  are  made  of  small  oomers  attached  in  hinge-manner 
to  tho  wall  of  tho  column.  During  the  assembly  period,  the  oomers  are  sus¬ 
pended  to  the  column,  whioh  ma>:es  it  possible  to  use  them  as  tables  during 
tho  assembling.  The  oross  bars  are  seoured  to  the  oomers  by  welding  or  by 
bolts.  The  lugs  are  out  off  after  the  laying  of  the  walls  reaohed  the  botton 
of  each  cross  bar. 


Fig.  129,  Precast  reinforced  concrete  oross  bars 
rigidly  oonneoted  to  oolumns 
do  =  along 


Fig.  130.  Hinge- connection  of  reinforced  ooncrete 
cross  bars  to  columns 


The  defect  of  such  joints  is  the  large  consumption  of  metal,  but  the 
jossibilty  of  obtaining  joints  without  using  wet  processes  is  such  a  necessity 
that  the  use  of  joints  designed  in  this  manner  can  be  recommended  for  preoast 
orced  conorete  structures  erected  under  the  conditions  of  the  Extreme 
North.  In  designing  prestressed  and  precast  structures  it  is  necessary  to  . 
pro -ide  the  required  tension  for  the  reinforcements  direotly  at  the  plant 
where  they  are  made,  and  at  construction  site,  only  to  assemble  the  finished 
components. 

The  structures  operating  at  low  temperatures  and  under  dynamic  loads 
should  be  made  by  using  reinforcements  made  of  steels  that  retain  the  impact 
viscosity  at  low  temperatures  of  not  less  than  stated  in  the  specifications 
CrOoT  380-57  for  Uartin-steel  3  or  for  steels  M16  and  M18a.  The  joints  must 
bo  welded  with  the  aid  grade  .E-42  electrodes.  A  lower  impaot  viscosity  in 
the  reinforcements,  inserted  parts,  and  in  the  seams  of  the  joints  may  at  low 
temperatures  cause  the  destruction  of  the  structures. 
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Fig.  131.  Connection  of  reinforced  ooncrete  wind  oross  bars 
of  framework  to  columns 

1)  lug  6  to  8  mm  in  diameter  to  be  cut  off  after  the  brickwork 
is  laid  under  the  oross  bar;  2)  along;  3)  olearanoe. 


3.  Speoial  features  in  designs  of  metal  structures 

At  the  present  time,  most  economical  for  use  in  the  areas  of  the  Ex¬ 
treme  North  are  metal  structures.  Particularly  effective  are  the  metal  struc¬ 
tures  made  by  the  plants  located  outside  the  areas  of  the  Extreme  North.  For 
example,  the  metal  structures  made  for  Noril'sk  by  the  plants  of  Krasnoyarsk 
aro  20. j  cheaper  than  the  structures  made  in  Noril'sk.  In  addition,  the  co3t  of 
transporting  the  metal  from  the  produoing  plants  to  the  construction  site  con¬ 
sumes  about  30$  of  the  Noril'sk  oost  of  the  finished  structures.  Metal  struc¬ 
tures  made  outside  tne  areas  of  the  Extreme  North  save  the  cost  of  transporting 
the  excess  of  metal  remaining  after  production  which  is  later  removed  as  usable 
junk.  Particularly  good  prospects  can  be  expected  from  the  use  of  metal 
structures  in  the  areas  of  tho  Extreme  North,  in  view  of  the  use  in  construction 
of  oconomioal  rolled  shapes,  high-strongth  steels,  and  light-weight  aluminum 
alloys  combined  with  new  light-weight  heat- insulating  materials  for  enclosing 
structures. 

In  designing  the  building  for  a  group  of  shops  in  Noril'sk,  the  uso  for 
the  roof  only  of  light  oorrigated,  insulated  with  mineral  felt,  aluminum  alloy 
panols  (weighing  27.1  kilograms  per  1  sq.  meter  of  covering)  made  it  possible 
to  obtain  the  supporting  structures  of  the  roof  in  form  of  light-weight  rod- 
tyne  of  girders  ,  whioh  reduoed  by  30-35$  the  consumption  of  metal  for  the 
roof  and  reduoed  the  oost  of  the  building  by  10-15$. 
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In  designing  and  assembling  the  metal  structures  it  is  necessary,  how- 
evor ,  to  pay  attention  to  the  conditions  of  the  Extreme  North.  The  principal 
factor  is  the  low  temperature  which  brings  a  reduction  in  the  impact  ductility 
of  the  metal.  According  to  the  data  furnished  by  the  handbook  Metallovedeniye 
i  Tormoobrabotka  NTU  1957  (Metal  Working  and  Heat  Treatment,  Standards  and 
Specifications  1957)",  the  impact  ductility  of  steel-3,  etc.  is  reduced  from 
10.5  at  +20°  to  0.8  at  -40°. 

The  brittleness  of  ordinary  metal  at  low  temperatures  is  so  pronounced 
that  even  small  dynamic  loads  will  cause  the  formation  of  oracks  and  destruc¬ 
tion.  For  example,  the  motor-car  trostlo  for  bringing  the  ore  to  the  nickel 
plant  had  oollapsed  due  to  the  action  of  low  air  temperature;  the  oollapse  had 
resulted  from  a  break  over  the  entire  cross  section  of  metal  beams,  although 
the  load  at  the  moment  of  the  oollapse  did  not  exoeed  30-40/S  of  the  load  spe¬ 
cified  by  the  design. 


Fig.  132.  Enlargement  of  the  girder  and  design  of  assembly 
which  oaused  the  collapse 

a)  geometrical  pattern  of  the  girder;  b)  assembly  A;  1)  seam 


The  some  cause  wa s  responsible  for  several  other  collapses  in  Noril'sk. 
In  1959,  for  example,  during  the  construction  oollapsed  the  the  girders  of  the 
garage  of  the  oentral  base  for  motor  vehicles,  although  the  actual  load  did 
not  oxcood  40-45J.  of  the  calculated  load.  The  girders  which  were  made  at  the 
plant  in  form  of  separate  panels  were  assembled  into  trusses  in  open  air.  The 
parts  were  joined  by  welding  (Fig.  132).  The  outward  deflection  of  the  rein¬ 
forced  concrete  columns  which  supported  the  girders  indicates  that  the  collapse 
was  caused  by  a  break  in  the  lower  bolt  of  the  truss  due  to  the  large  forces 
of  the  thrust  from  the  upper  belt  (Fig.  133).  With  the  temperature  falling 
sharp] v  (below  -40° )  a  short  while  before  the  oollapse,  there  were  heard  seve¬ 
ral  sharp  loud  knooks  accompanied  with  vibration  and  snow  falling  off  the 
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tho  compononts  of  tha  trusses,  A  study  of  the  oauses  responsible  for  the 
collapse  disclosed  that  a  predominant  majority  of  the  transverse  seams  on  the 
tho  girders  whioh  escaped  the  oollapse  contained  fresh  oracks  penetrating 
through  ovor  a  considerable  part  of  the  girders.  The  formation  of  oraoks,  as 
was  already  mentioned,  was  accompanied  with  loud  knooks  and  vibration  of  the 
girder. 


Fig.  133.  Collapse  of  metal  girders  of  garage 

The  formation  of  cracks  in  the  seam3  was  caused  by  conoontration  "f  tho 
stresses  during  the  threo-sided  welding.  Under  ordinary  conditions  there  would 
have  been  a  redistribution  of  the  strosses  due  to  the  plastic  deformation  of 
tho  metal  which  retained  its  ductility.  The  reduced  ductility  and  increased 
brittleness  as  a  result  of  temperature  falling  to  minus  40-45  degrees  caused 
the  break  of  the  seams.  After  the  destruction  of  the  transverse  seams  of  the 
cover  plates  of  the  lower  bolt  in  tho  corners  passing  in  this  section,  the 
stress  still  remained  at  a  level  loss  than  50-60%  of  the  oaloulated  stress, 
because  the  roof  had  no  insulating  layer,  the  oement  tie  piece  with  the  roof, 
and  no  load  of  tho  three  suspensions  to  tho  girder  assemblies  weighing  16  tons 
eaoh.  The  break  of  the  basic  oorners  of  the  lower  belt  in  which  the  crop  in 
temperature  reduced  the  impaot  duotility  was  caused  by  the  dynamic  action  of 
the  forces  caused  by  the  break  of  the  seam  connecting  the  oover  plates  in  the 
same  section. 

The  formation  of  oraoks  in  the  seams  connecting  the  oomDononts  of  metal 
structures  built  during  the  summer  or  in  heated  shops  of  the  plant  have  been 
also  observed  before  the  arrival  of  low  temperatures,  while  in  unheated  buil¬ 
dings  cracks  wore  occasionaly  formed  several  years  later  after  the  use  of  the 
structures.  In  several  oasesthe  formation  of  cracks  and  destruction  of  struc¬ 
tures  v/ero  discovered  before  their  assembly  as,  for  example,  in  the  oross  bars 
of  thw»  bunkers  of  the  electro  smelting  shop  of  Noril'sk  nickel  plant.  Cracks, 
both  in  the  seams  and  over  the  entire  section,  were  discovered  in  metal  struc¬ 
tures  which  were  made  at  temperatures  above  zero  and  inaccordance  with  the 
rcauirod  speoif ications,  but  were  exposed  to  frost  for  a  short  while  without  a 
load. 

There  were  oases  of  destruction  of  metal  structures  caused  by  the  com¬ 
bined  effect  of  sagging  foundations  and  low  air  tempo ratures.  For  several 
years  there  was  observed  a  formation  of  oracks  during  the  winter  in  the  welded 
seams  in  oortain  coraponenents  of  the  metal  structures  of  the  olosed  cool  yard 
of  TSTs  in  Noril'sk,  whioh  was  designed  in  1938-1940  in  form  of  a  two-span 
frame  with  rigidly  sealed  supports  in  the  foundations  and  rigid  assemblios  at 
tho  top.  The  building  was  ereoted  by  the  method  of  preserving  the  permfrost 
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state  of  the  ground  beds.  The  damaged  seams  were  cut  off  and  rewelded  again 
with  the  load  reduced  somewhat  during  the  welding. 


The  winter  of  1955  was  the  beginning  of  a  destruction  on  a  large  scale 
of  the  main  columns  of  the  carcass  which  created  an  immediate  danger  threate¬ 
ning  the  cellapse  of  the  building.  The  collapse  was  prevented  by  installing 
metal  reinforcements  and  by  discontinuing  the  work  of  the  grab  oranes  at  tho 
emergency  section  of  the  building.  It  was  found  that  the  destruction  and  the 
deformation  were  not  caused  by  the  vertical  load,  but  by  the  large  bending 
moment  which  was  formed  in  the  column.  This  is  proven  by  the  nature  of  the 
damages  affecting  the  columns  (Fig.  134)  and  also  by  the  fact  that  the  entire 
system  did  not  collapse  after  the  sheets  were  torn  off  the  mil  of  the  column 
and  after  the  bending  of  the  damaged  section.  The  destruction  affected  prima¬ 
rily  the  columns  of  the  middle  row,  but  the  oolumns  of  the  outer  rows  were 
also  damaged  to  a  large  extent. 


Fig.  134.  Damaged  metal  columns  of  TETs  coal  yard  in  Noril'sk 


The  main  rosons  for  damaging  the  structures  were  the  deformation  of  the 
supports  (foundations)  of  the  carcass  oausod  by  the  thawing  of  the  beds  brought 
about  by  the  underground  flow  of  warm  water  from  the  utilities  of  the  TETs  and 
the  reduced  ductility  of  the  metal  due  to  tho  low  temperature.  At  this,  as 
shown  by  geodetic  measurements,  the  upper  part  of  the  foundations  was  deflected 
considerably  from  the  vertical  axis  (up  to  20  cm)  which  served  as  the  main 
cause  for  the  formation  of  additional  bending  moments  in  the  columns. 

The  damaged  columns  wore  replaced.  The  anchor  bolts  were  loosened  to 
reduce  the  effect  on  the  metal  structures  by  the  displacement  of  the  top  of 
the  foundations,  but  the  plates  of  the  column's  shoes  prevented  the  turning  of 
the  supporting  assembly  and  the  damaging  of  the  structure  continued  and  became 
constant  manace  of  collapse  of  the  building.  To  prevent  the  continuing  defor¬ 
mations,  the  upper  parts  of  the  columns  were  equipped  with  hinges,  the  lower 
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bolt  of  the  girder  v/as  out  at  tho  middle  support  and  the  anohor  bolts  of  the 
foundations  were  loosened.  The  rigid  frame  was  converted  into  a  statioally 
changeable  structure  {Fig,  135). 


'Fig,  135.  Carcass  of  TETs  coal  yard  reduced  to 
statically  determinable  pattern 
a)  top  view;  b)  section  along  1-1;  1)  wind  girder;  2) 
column  equipped  vdth  hinge;  3)  the  column  is  reinforced. 

The  durability  of  the  oarcass  is  assured  by  the  addition  of  three  abut¬ 
ments  connected  by  horizontal  girders  which  do  not  hinder  tho  displacement  of 
tho  top  of  tho  abutment  in  case  of  possible  deformation  of  their  foundations. 

Tho  horizontal  girders  are  secured  by  connections  to  the  upper  (above  tho  hinge) 
part  of  the  column.  After  taking  these  steps,  not  a  single  case  of  destruction 
of  the  oarcass  was  observed  during  the  5  years  thereafter.  The  study  of  the 
performance  of  metal  structures  in  the  areas  of  the  Extreme  North  rnkos  it  pos¬ 
sible  to  offer  certain  reoommendations  for  their  design. 

1)  Metal  structures  of  building  and  equipment  carcasses,  particularly 
those  whioh  are  subjected  to  dynamio  loads,  must  be  made  of  steel  able  to  pre¬ 
serve  at  low- temperatures  an  impact  ductility  of  not  less  than  the  one  speci¬ 
fied  by  GOST  380-57  for  St.3,  M16,  and  M18  grades  of  steel. 
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2.  The  design  of  welded  metal  structures  must  strive  to  reduco  the 
intomal  stresses  which  appear  in  electric  welding.  Therefore,  the  design 
should  not  specify  senm3  along  a  closed  perimeter,  should  avoid  the  joining  of 
components  by  tiiree-3ided  seams  (longitudinal  and  transverse), and  should  avoid 
tho  joining  of  bont  and  distendod  components  by  transverse  seams.  It  is  neces¬ 
sary  to  avoid  unneeded  seams  in  the  structure,  which  the  calculation  makes 
unnecessary,  but,  wherever  possible,  to  u3e  intermittent  seams.  Every  seam  is 
tho  seat  of  internal  stresses  which,  in  certain  cases,  weakens  the  structure. 
Tho  electrodes  used  for  welding  must  assure  the  frost-resistance  of  the  seam. 
For  this, it  is  necessary  to  use  electrodes  of  the  grade  which  at  low  tempera¬ 
tures  has  tho  same  impact  ductility  as  the  metal  of  the  structure.  These  con¬ 
ditions  for  steel  ST. 3  are  satisfiod  by  the  eleotrodes  of  grades  E-42  and 
E-4^.7. 

3.  The  oross  section  of  the  structures  must  be  selected  so  that  it  will 
be  easy  to  inspect  the  seams  during  the  orection  and  during  tho  period  when 
tho  bu5 lding  is  in  use.  Hidden  soams  should  not  bo  allowed.  In  sectional 
cross  sections  it  is  necessary  to  consider  tho  possibility  of  obtaining  seams 
of  good  quality  and  their  subsequent  repair. 

4.  Taking  into  consideration  that  in  the  conditions  of  the  Extreme 
North  extensive  settling  and  sagging  of  foundation  beds  are  possible  and  that 
at  lev/  temperatures  tho  metal  of  tho  structures  and  particularly  the  electri- 
call"  ./elded  seams  have  a  lower  ductility,  the  design  must  avoid  the  use  of 
rigi  carcasses  for  the  buildings.  The  construction  of  oaroasses  of  tho 
pllaelo  type  with  hinges  at  the  joints;  this  will  make  it  possible  to  assure 
t  •  durability  of  the  buildings  affected  by  large  sagging  of  the  ground  beds. 

5.  Taking  into  consideration  that  at  low  temperatures  it  is  very  dif- 

for  Daint  to  resist  reliably  corrosion;  also  that  the  kuzbasslak  (var¬ 
nish  from  Kuznetsk  coal  deposits)  and  the  oil  paints  which  are  usually  used 
do  not  effectively  protoct  the  metal  against  corrosion  (the  peel  off  and  fly 
away  together  with  the  oorroded  metals)  and,  as  a  result,  the  collapse  of  cer¬ 
tain  structures  had  already  taken  place,  it  is  neoessary  to  solve  the  problem 
connected  with  special  oorrosion-resiting  coatings  which  will  make  repeated 
annual  repainting  unnecessary.  Complete  corrosion-resisting  coatings  must  be 
applied  at  the  manufacturing  plant. 
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CONCLUSION 


Tho  aim  of  the  present  work  is  to  share  tho  experience  in  designing 
and  to  clarify  the  certain  problems  connected  with  construction  under  the 
conditions  of  the  Extreme  North.  Until  I960,  no  special  soiontific  work  and 
research  were  carried  out  in  the  city  of  Noril’sk  in  the  field  of  design  and 
construction,  which  explains  the  absence  of  analytical,  or  of  detailed  eoono- 
mio  reasons  for  the  employed  or  recommended  solutions.  The  considerable 
progress  made  in  tho  field  of  technology,  complex  mechanization  and  automa¬ 
tion  of  enterprises,  and  the  introduction  of  now  types  of  materials  for  both 
supporting  and  enclosing  structures  make  it  possible  to  arrive  at  new  solu¬ 
tions  for  the  planning  and  designing  of  buildings  and  structures,  whioh  is 
of  importance  for  the  areas  of  tho  Extreme  North. 

At  the  present  time,  the  nov/ly  established  Noril’sk  complex  laboratory 
of  the  Scientific  Research  Institute  (Nil)  for  construction  of  the  Academy  of 
Construction  and  Architecture  USSR,  in  tho  work  of  whioh  are  taking  part  the 
oldest  production  workers  and  designers  of  Noril’sk,  is  engaged  in  oomplex 
research;  there  are  reasons  to  expect  that  in  the  near  future  certain  prob¬ 
lems  mentioned  in  this  book  will  receive  scientifically  substantiated 
solutions  and  experimentally  developed  methods  for  buildings  and  structures 
whioh  will  satisfy  the  more  severe  and  special  requirements  for  the  Extreme 
North. 


167 


[ 


I 


APPENDIX 


*) 

TEMPORARY  INSTRUCTIONS  1 

for  work  with  piles  by  the  method  of  driving 
and  subsequent  freezing  of  piles  in  the  holes 


1.  Those  temporary  instructions  aro  prepared  for  work  with  piles  by 
tho  method  of  installing  the  piles  in  preliminarily  bored  holes  under  con¬ 
ditions  existing  in  merging  permafrost  grounds  of  the  stable  type. 

2.  Work  with  piles  is  permitted  when  thu  following  ore  available: 

a)  data  characterizing  the  pornafrost  and  hydrological  conditions  of 
the  site  usod  for  construction; 

b)  design  of  the  bod  under  the  piles  and  a  layout  of  the  piles  whioh 
shows  also  the  location  of  the  underground  pipelines. 

NOTE:  The  introduction  of  chnngos  due  to  the  difference  between  the 

actual  conditions  in  the  permafrost  grounds  and  those  of  the  design 

must  be  first  approved  by  the  Design  Office. 

S,  Reinforced  conorete  piles  must  be  made  in  plants  in  accordance 
with  the  drawings  which  are  a  part  of  the  design  for  the  pile  foundations. 

d.  The  production  and  acceptance  of  reinforced  oonorete  piles  by 
technical  inspectors  must  comply  with  the  technical  instructions  contained 
in  part  I  of  the  specifications  TU  120-55. 

5.  The  layout  of  the  pile  axes  should  be  based  on  a  line  pertaining 
to  th<-  altitude  and  vertical  reforonce  not.  The  main  axes  of  the  structure 
should  serve  as  the  basic  lines.  No  less  than  6  bench  marks  should  be  pre¬ 
sent  in  each  block  of  the  construction  site. 

6.  The  layout  of  the  pile  foundation  is  to  be  accomplished  by  securing 
roliat^y  in  the  location  the  position  of  all  longitudinal  and  transverse  piles. 

7.  The  layout  of  the  axes  of  the  pile  foundation  must  be  formalized 
by  a  document  to  which  are  added  diagrams  showing  the  disposition  of  the 
layout  symbols  and  data  on  the  reference  to  symbols  of  the  State  triangulation 
or  other  net  used  as  a  starting  point. 


Those  temporary  instructions  have  been  prepared  by  using  as  a  basis 
■she  specifications  TU  120-55  for  work  with  piles  by  the  method  of  installing 
oilos  into  holes  preliminarily  bored  in  permafrost  grounds.  Those  instructions 
invc  been  approved  by  the  ohief  engineer  of  the  Administration  of  Major 
Construction  in  1958. 
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R.  Tho  transportation,  hoisting,  and  installation  of  piles  into  holoa 
must  bo  porforraod  by  taking  stops  to  pravont  the  ovorstrossing  of  tho  mntorial 
nil  damaging  tho  piios;  this  must  bo  in  accordanoo  ■with  tho  plan  dovolopod 
oarlior  for  tho  organisation  of  tho  work. 

0.  Reinforcod  concreto  piios,  after  their  production,  must  not  bo 
transported  before  they  acquire  100' >  of  tho  strength  specified  by  tho  design, 

10,  Bcforo  they  are  3unk  into  tho  ground,  tho  piles  must  be  again  oer- 
tifiou  for  the  compliance  with  the  roquirwnonta  of  TU  120-55, 

11,  Roinforood  concrete  piles  are  to  bo  Installed  in  holos  bored  oarlior 
by  a  cnble-porcus.iive  boring  rig, 

12,  The  mud  extracted  during  tn-  boring  of  the  hole  is  to  bo  collected 
and  kept  in  a  heated  container  for  further  uso, 

13,  Before  the  pile  is  installed,  a  clay  mixture  Of  fluid  viscosity  is 
to  bo  prepared  by  using  the  extracted  mud  and  local  day  soil;  the  mixture  is 
to  be  in  accordance  with  the  composition  recommended  by  the  permafrost  labo¬ 
ratory. 

NOTE:  The  quality  of  th  *  propped  olay  mixture  is  to  be  inspected  by 
the  construction  laboratory. 

14,  Prior  to  the  installation  of  the  pile,  tho  hole  is  to  be  filled  to 
about  l/4  -  l/3  of  its  depth  by  tho  clay  mixture  heated  to  plus  30-40  degrees 
in  order  to  dislodge  the  mixture  to  the  surface  of  the  grounds  when  the  pile 
is  driven  down. 

15,  The  sinking  of  tho  pilo  to  the  required  depth  is  to  bo  performed, 
if  necessary,  with  the  aid  of  a  vibrating  pile-driver. 

lo.  The  cap  of  the  pile-drivor  must  be  strong  and  rigidly  attached  to 
the  pilo. 

17.  The  i»-plan  deviation  of  pij.es  from  tho  design-position  is  allowed 
to  reach  +5  cm,  and  the  allowable  deviation  of  the  top  of  the  piles  from  the 
design-marks  is  +  10  am, 

NOTE:  For  pile  deviations  larger  than  in  par,  17,  the  question  per¬ 
taining  to  driving  additional  piles  is  dooided  by  the  Design  Qffioe, 

10,  The  work  required  for  leveling  the  construction  site  must  be  fully 
oompleted  before  the  beginning  of  the  installation  of  piles, 

19,  7/hon  using  piles  of  30  cm,  in  dicubetar,  the  holes  must  be  borod  by 
a  bit  having  35  cm  in  diameter, 

20,  Y/hilo  boring  the  hole,  the  boring  rig  must  be  looatod  on  a  horizon¬ 
tal  platform  ole&n  of  snow  and  ioe, 

21,  No  interruptions  are  permitted  between  the  filling  of  holes  with 
mud  and  the  sinking  of  the  piles. 
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22,  Tho  work  with  piles  must  be  performed  by  keeping  a  log  book  for 
boring  and  sinking  of  tho  piles, 

NOTEt  Each  page  of  the  log  book  must  be  numbered  and  signed  by 
the  ohiof  of  the  section, 

23,  Loads  imposed  on  pile  foundations  are  permitted  after  restoring 
tho  pormafrost  state  of  tho  grounds  around  the  piles  and  after  the  latter 
become  frozen  to  tho  bulk  of  the  permafrost  grounds,  which  is  established 
by  observing  the  temperatures, 

24,  It  is  ro commended  to  perform  the  work  with  piles  during  the  winter 
season  (Novombor-April )  when  the  effective  layer  is  completely  frozen;  if  the 
work  i3  performed  during  the  summer,  the  inside  of  the  hole  must  settle 
within  the  entire  thiokness  of  the  effective  layer. 
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